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INTRODUCTION 

INTERLOCKING is of English origin, numerous patents 
having been granted in England for manually operated 
interlocking devices from 1856 to 1867, at which later 
date was first disclosed by Saxby a satisfactory means for 
obtaining what is now known as "preliminary latch locking." 
The rapidity with which this valuable system was adopted in 
England is indicated by the fact that six years later, in 1873, 
13,000 mechanical interlocking levers were employed on the 
London & Northwestern Railway alone, at which time not a 
single lever was in use in the United States, the first experi- 
mental installation having been made in this country by 
Messrs. Toucey and Buchanan at Spuyten Duyvil Junction, New 
York City, in 1874, and the first important installations on a 
commercial basis having been made by the Manhattan Elevated 
Lines of New York City with machines of the Saxby-Farmer 
type, built by the Jackson Manufacturing Co. of Harrisburg, 
Pa., in 1877-78. 

Very soon after American railways had gained a little experi- 
ence with mechanical interlocking plants, it was felt that 
there were many situations where great economies could be 
effected and more satisfactory operation obtained if switches 
and signals could be successfully worked by power instead of 
manually. For precisely the same reason — viz : saving of 
labor — that English railways were first led to concentrate in 
a single frame the theretofore widely separated levers for the 
operation of switches and signals — thus leading up to the 
idea of interlocking — so the much higher cost of labor in the 
United States than in England caused the American railways 
to demand an interlocking that would afford means for operat- 
ing switches and signals over greater distances and with fewer 
operators than were required under the English method. 
The first concrete response of the American inventor to this 
demand was the Hydro-Pneumatic Interlocking installed 
in 1884 near Bound Brook, N. J., at the crossing of the 
P. & R. and L. V. R. R. From 1884 to l&^t , ^V5|jsiswscv^%:^^«5^ 
Pneumatic plants, baVuv^ 4&*L \e^cw», ^«c^ vosfiwiSsR^ ^s^ '«=" 
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railways, but this system having developed many serious 
defects, its inventors devised and in 1891 installed the first 
electro-pneumatic plant at the Chicago & Northern Pacific 
Drawbridge, Chicago. In the following ten years, there 
were ordered — up to June 1, 1900 — fifty-four electro- 
pneumatic plants, having 1,864 levers, for use on thirteen 
railways. It was felt at this time that while power interlock- 
ing had been proven to be usable with advantage in a few 
important situations, it fell far short of accomplishing all that 
was desired and required of it by the railways, and it was even 
then believed by some engineers that owing to certain defects 
and limitations inherent in the electro-pneumatic principle 
itself, some safer, more reliable and economical system would 
have to be developed before power interlocking could, with 
wisdom, be more generally employed. 

Just at this time (May, 1900) a company was formed to 
develop and exploit the electric interlocking patents now 
owned by the General Railway Signal Company and embody- 
ing the now well-known ** dynamic indication** principle. In 
1901 this Company put in service its first electric interlocking 
plant employing the dynamic indication, at Eau Claire, Wis., 
on the C. St. P. M. & O. R'y. As might have been expected, 
in view of the newness of the idea, and of the Company exploit- 
ing it in opposition to an old-established and rich competitor, 
its progress was slow; but, the idea being right, its progress 
has been steady and sure, with the result that in the eleven 
years since its first plant went into service, it has fiunished for 
use on eighty-three railways in thirty-five States and Provinces 
of the United States and Canada, 440 of these plants, having 
21,370 levers. In the sixteen years from the installation of the 
first commercial pneumatic machine, during which time no 
competitive power interlocking machine was on the market, 
the average annual sales were four and five-tenths machines 
and 147 levers. In the eleven years following the installation 
of the first commercial dynamic indicating electric interlock- 
ing machine, and in competition with all other types of 
power interlocking, our average annual sales have been 
forty machines and 1,943 levers. With but few exceptions, 
American railways requiring power interlocking now exclu- 
sively specify the **all electric,*' and while the success achieved 
with our "dynamic indication** system haa led a iwiinber of 
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companies to devise and offer electric systems, it is believed 
conservative to state that much more than 90 per cent, of 
all the electric interlocking in use in the United States is of 
our manufacture. A more exact statement of percentage 
cannot be given for the reason that, so far as we have been 
able to ascertain, other makers of power interlocking plants 
have not in recent years seen fit to give publicity to the num- 
ber of power plants and power levers installed by them, though 
prior to our advent in this field such statements were fre- 
quently published. It can, however, be positively stated 
that more of our electric plants and more electric levers have 
been installed on American railways in this past ten years 
than of all other types of power interlocking in the past twenty- 
eight years. 

An evolution so rapid, extensive and radical as this cannot 
fail to suggest an inquiry into its causes and what bearing 
they may or should have upon the interlocking practice of the 
future. 

During the annual meeting of the Railway Signal Associa- 
tion at Buffalo in October, 1901, one of the principal questions 
discussed was, "At what leverage is it economical to install 
power interlocking rather than mechanical." The consensus 
of opinion then seemed to be that power plants might be 
economically used where and only where, on account of the 
size of the machine or density of traffic or for any other reason, 
more levermen would be required to operate a mechanical 
than a power machine. At that time the writer hazarded 
the opinion that in the course of time mere size of plant and 
density of traffic would cease to be generally regarded as the 
sole or even as very vital factors in arriving at a choice between 
power and mechanical interiockings; that signalmen who were 
at that time obliged to compare the advantages of mechanical 
interlocking with those of the only power interlocking with 
which they then had experience, the electro-pneumatic, might 
reasonably be expected to change their views very materially 
when they came to be familiar with the advantages of **all 
electric*' interlocking. How far this forecast, which was then 
regarded by many able, experienced signalmen as visionary, 
was warranted may be judged by an examination of tables in 
this handbook showing hundreds of small and medluxja. «ai^ 
electric interlocking plants mataJ^^Xys >a&\!c^'<^^ ^^^s^a.^^ '<i«2fi 
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has elapsed since then, thus affording evidence that not only 
is electric interlocking rapidly displacing all other types of 
power interlocking but that it is being largely and increasingly 
used where formerly nothing but mechanical interlocking 
would have been considered. The writer believes now as he 
believed ten years ago that certain of the important reasons 
for this change are found in the following facts: 

Entirely aside from considerations of economical operation 
that obviously demand the usage of power interlocking at all 
points where more than one leverman would be required for 
the operation of a mechanical plant, or where train movements 
are so numerous as to make the operation of such a plant too 
great a physical strain upon the operator, there are other and 
equally important features to be considered with respect to 
every proposed new interlocking, chief of which is the fact 
that no purely mechanical interlocking ever devised is any- 
where near so safe as is the dynamic indicating electric inter- 
locking. In spite of the now general recognition of this fact, 
it must be remembered that it was only as the electric inter- 
locking came to be commonly used and its safety features to 
be compared with those of straight mechanical interlocking 
that the defects and dangers of the latter became emphasized 
by the contrast. Thus, beginning about ten years ago, the 
realization of this fact by skilled signalmen led them, at first 
slowly but as time has gone on more and more rapidly, to one 
of two practices, viz: the use, on the one hand, of electric 
interlocking, pure and simple, or, on the other, adding to 
mechanical interlocking all sorts of electrical apparatus and 
circuits. Where the latter expedient is adopted, the resultant 
composite plant reqiures a maintainer combining the experience 
of a mechanic and of an electrician, and such men are not 
numerous. Fifteen years ago the number of young men who 
had even a rudimentary knowledge of electrics was small; 
but — owing to the enormously increased employment of elec- 
tricity in telegraphy, telephony, lighting, manufacturing and 
transportation; to the institution of simple courses in elec- 
tricity in trade, industrial and correspondence schools ; and to 
the fact that it is easier and takes much less time to acquire 
a usable working knowledge of electrics than to become a 
fairly skilled mechanic — most railways now find it possible 
to procure, at the prevailing wage rate, laeu ca-^^AAfe ol 
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maintaining electrical rather than mechanical installations — 
particularly since the automobile and kindred industries have 
created such an unprecedented demand, at high wages, for 
mechanics. 

Another fact having an important bearing on this phase of 
our subject is this : American block signal practice, like its 
interlocking practice, was originally copied from the English, 
who employed the manual system. In block signaling, as was 
the case in interlocking, the American demand for labor 
saving devices early led to the invention of power operated 
automatic block signals, the first of which to be employed 
on a considerable scale were of the pneumatic type. Now, 
in automatic block signaling, as in interlocking, the electric is 
almost entirely supplanting the electro-pneumatic, and few, if 
any, American railways are now considering anything but 
electric signals for new block work. Such signals are now 
used on upwards of 35,000 miles of American railway, and 
large additions are being made thereto annually. It will 
hardly be denied by any engineer skilled in signaling that 
every interlocking plant located in automatic, electric, block 
signaled territory should be electric, since, if for no other 
reasons, it can be more simply installed, more economically 
maintained and more reliably operated than a mechanical or 
any other type of interlocking which would require the mixing 
in with the necessary electric block devices of other types of 
apparatus requiring maintainers and repairmen having needed 
training in two or more trades rather than in one. This is a 
consideration, which, quite apart from that of maximum 
safety, has led many railways to the installation of a great 
deal of electric interlocking in automatic block signaled dis- 
tricts and which is influencing them and others to take like 
action where automatic block signaling, though not in imme- 
diate prospect, may be put in within a few years. 

Thus it has come to pass that of the railway men who still 
feel that the mechanical interlocking when provided with 
various electrical adjuncts may be made to be almost if not 
quite as safe as the "all electric plant," more and more are 
coming to realize that simplicity, economy and reliability 
demand the usage of the electric interlocking in preference to 
any others, particularly as a mechanical i^laxA,, ^^^^ss. ^"^i^&ssD.. 
equipped with the most elaborate syeX,ew\ ol ^«L\:?^^'8^'«^^i^'S^^=^'»5=^ 
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has not changed its nature but still remains a mechanical 
plant, subject to most of the operating difficulties inseparable 
from such a plant. 

Another situation that has largely influenced the adoption 
of electric interlocking is the following: Up to the time of 
the introduction of electric interlocking, it was the rule, rather 
than the exception, for American railways to operate from 
interlocking machines at ordinary crossings and junctions 
such switches as were within 700 to 800 feet of it, but not to 
operate or adequately signal more distant switches. Where 
any connection existed between such distant switches and 
the interlocking it was usually no more than that established 
by having an electric circuit controller on such a switch by 
means of which an electro-magnetically slotted distant signal 
alone was prevented from giving its proceed indication when 
the switch was open between it and the home signal. It 
was claimed by the railways, not without reason, that it was 
too difficult and costly, and in some instances impossible, to 
satisfactorily operate such switches from a single machine 
and that it would be the height of folly for them to install one 
or more additional machines merely for the sake of operating 
these switches, the interlocking of which would not have been 
at all considered at the moment except for their proximity to 
junctions or crossings they were obliged to interlock. Gradu- 
ally, however, for one or another reason, American practice is 
coming more and more approximate to that of England, 
where every main line switch on a passenger carrying road has 
to be properly signaled and interlocked, and coincident with 
and probably largely responsible for this changed attitude of 
the American railways is the now almost universal recognition 
of the fact that electric interlocking alone affords the means for 
successfully accomplishing this in the United States without 
excessive cost for both installation and operation. Many of 
our electric plants have for years satisfactorily operated 
switches, together with their allied signals, located from one 
to six thousand feet from the interlocking machine, some- 
times with tunnels or other obstructions to view, intervening 
between the interlocking station and the switches. In fact, 
as temperature changes, no matter how great or how sudden, 
do not in any degree affect the operation of our electric 
plants, they being absolutely free from such disorders as, in a 
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mechanical plant, occur because of contraction or expansion of 
parts connecting the interlocking levers with the switches 
and signals, and as the *' dynamic indication" features and the 
"illuminated track diagrams'* make it wholly unnecessary for 
the operator to see tracks, trains, switches, or signals — there 
is absolutely no limit to the distance at which such switches and 
signals can be safely, reliably and expeditiously worked by means 
of our electric interlocking. As an illustration, it may be 
of interest to note here that by far the largest interlocking plant 
in the world, one of our dynamic indicating type, at the Grand 
Central Terminal of the N. Y. C. & H. R. R. R. , New York City, is 
operated most successfully under conditions where it is impos- 
sible to have any view from the interlocking station of trains, 
tracks, switches, or signals. 

It would be possible, as is recognized by all who have closely 
observed and carefully studied the trend of American signal 
practice for a score or more of years, to cite almost number- 
less additional conditions each of which has had some part, 
big or little, in determining why it is that electric interlocking 
has been and is being increasingly installed in units varying 
all the way from four to four hundred levers; why it is 
used with equally satisfactory results at small junctions, 
yards and crossings where traffic is light ; at hundreds of 
points of medium traffic where machines of from sixteen 
to forty-eight levers are required and at the busiest and 
largest terminals ; but such a citation would be long, and after 
all, the whole matter can be briefly summed up by saying that 
the reasons why more of our dynamic indicating electric inter- 
locking machines have been installed in the last ten years 
than of all other types of power interlocking in the past twenty- 
eight years, and why they are being so largely employed 
where formerly only mechanical machines would have been 
considered are — that experience has fully demonstrated that 
wherever and under whatever conditions of traffic or climate 
our dynamic indicating electric system has been tried it has 
been found superior to every other type of interlocking, in 
safety, reliability, economy and rapidity of operation and in 
its adaptability to every present and prospective need of the 
user. For these reasons, the writer hazards the prediction 
that within the next ten years many vkv^qtc^x^ ^cox^scsssotv 
railways will closely approximate to a. coxv^\\Nsst^ ^\s!gt<fe ^^i^sss:^ 
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block signal and every interlocking machine, large and small, 
over long stretches of their main line will be controlled, operated 
and lighted by power supplied from central energy stations, 
and where, in consequence, mechanical or any other than 
electric interlocking will be almost as much a thing of the 
past as is the "horse car" on the street railways of to-day. 
To such readers as may be inclined to regard this forecast as 
wild or visionary, the writer suggests the perusal of the preface 
prepared by him for the 1902 Electric Interlocking Catalogue, 
and that this may be readily done, that preface is reprinted 
herein (see page 405). After noting the forecasts made in 
1902 and finding that every claim therein advanced for the 
then newly introduced electric interlocking system has been 
fully met and that its general adoption has more than realized 
the most sanguine expectations then entertained for it — the 
reader may be less inclined to be over skeptical as to the pre- 
diction made for the coming decade. 

To meet the requirements of the many present and prospec- 
tive users of our dynamic indication electric interlocking, we 
have prepared this Handbook, wherein it is sought to furnish 
data that will be useful to all those seeking a true understanding 
of the dynamic indication principle, and to those who are 
required to prepare bills of material for, or to install, operate 
or maintain our electric interlocking. 

w. w. s. 
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G. R. S. ELECTRIC INTERLOCKING SYSTEM 



SETTING FOllTII THE PUINC'IPLES IN- 
VOLVED AND ClIVING A liRlEF DE- 
SCRIPTION OF THE APPLIANCES USED 



G. R. S. ELECTRIC INTERLOCKING 

SYSTEM 

Requisites of a Properly Designed Interlocking 

System 

INTERLOCKED switch and signal appliances were first de- 
vised and used at junctions and terminal points for the pur- 
pose of reducing the number of men employed to go from 
switch to switch, throw them by hand and then give a hand sig- 
nal for the train to proceed over the route thus lined up. It was 
soon found that operating the switches and signals from a central 
point under the control of the levers in an interlocking machine 
greatly expedited the handling of traffic. By far the p'eatest 
accomplishment of interlocking, however, was the addition of 
an enormous factor of safety at such points to train operation. 

Inherent in the system of mechanical interlocking which 
first was employed to control the switch and signal functions 
were certain recognized shortcomings as regards safety and 
facility of operation. 

Systems of power interlocking in the field prior to the intro- 
duction of the electric dvnamic indication system, now owned 
and manufactured by the General Railway Signal Company, 
although giving increased facility of operation, did not and 
do not provide the greatest safety obtainable with this increased 
facility. 

The features of vital importance in considering the merits 
of any system of power interlocking are those which are 
designed to give the greatest measure of safety together with 
facility of operation. The two features most important to 
safety are: 

First — The means provided to check the correspondence 
of movement between lever and the switch, signal, or other 
function controlled by it. 

Second — The means for preventing unauthorized move- 
ment of switches, signals, or other controlled functions. 

The reliability of the means by which the above protection is 
secured determines more than anything else the safety of a 
given system of interlocking. In fact, this is so vital that an 
interlocking plant without a thoroughly dependable system 
for insuring correspondence between its levers and the operated 
functions, and for preventing the unauthorized movements of 
such functions, is absolutely unsafe. 

The G. R. S. electric interlocking system fully meets the 
first important requirement of checking the correspondence of 
movement between lever and operated function by means of 
the dynamic indication^ energy for which is furnished by a 
momentary dynamic current generated by the motor of the 
operated function itself when and only when the actual opera- 
tion of such function shall have beexv ^^o^ecVj ^'sjcks^s^^^^- 
Contrast this with systems ercvpVoym^ ^. ^. ^"^ \3?a5e^«c^ 
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indication, in which the indication is Becured from energy 
existent at the function prior to and during the movement of 
tliat function and dependent only on the closing of a single 
break in the indication circuit. 

The use of the dynamic current, ^nerated by the momen- 
tum of the motor of the operated unit at one end of the drcuit 
and so giving the desired indication at the lever at tiie other end 
of lite eireuit, prevents the receipt of a false indication due to a 




cross between the wires of the circuit and is therefore correct 
in pnnciple 

The unaufchonzed movement of switches or derails or the 
improper clearing of the signals is prevented by a simple and 
effective methoa of cross protection the basis for wiich is 
inherent in an electnc interlocking system using dynamic 
indication It is a notable feature that the second require- 
ment 13 met by a means in which all the contacts required for 
this protection form a part of the operating circuit thus check- 
ing tbeir integrity at each operation. 
la order to fully consider the advantages of the G. R. S. 
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Elements op G. R. S. Electric Interlocking 

System 

A complete installation of the General Railway Signal Com- 
pany's electric interlocking syeteni comprises the following 
elements: 

First — ■ A source of power consisting of a storage battery 
with its charging unit. 




Second — Power control apparatus introduced between the 
source of power and the interlocking machine. 

Third — An interlocking machine with levera for the control 
of the switch and signal mechanisms. 

Fourth — Switch mechanisms, their operating and indicat- 
ing circuits. 

Fi/Cft — Signal mechanisms, their operating and indicating 
circuits. 

Sixth — Means for the prevention of unauthorized move- 
ment of any function. 

In connection with such a system may be installed such 
accessories in the way of track circuits, detector lockinij, 
route locking, indicators, aiinunc\a.tcffa, «jt., ^la tW4.^ ^oi *issi- 
sired at each individual inata\\3.t\on. 
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Source op Power 
The source of power, from which the G. R. S. eystem 
of electric interlocking is operated, consists of a Btoraee 
battery having an approximate worlting potential of 110 
volts, this battery being cluti^ed by a power generating 
unit, which frequently is a generator driven by a Bmafl 
gasoline engine. 




c 4 N. w. Hr 



Power Control Apparatus 
Power is delivered to the interloclsing machine under the 
control of protective apparatus, mounted on suitable switch- 
boards. 

Interlocking Machine 
The operation of each switch and signal function is controlled 
by levers, which with their respective locking tappets, indica- 
tion m^nets and circuit controllers, are mounted in a common 
frame, the whole being known as an interlocking machine. 

Starting with the lever in either of its extreme positions, 
the stroke of the lever is divided into two movements. The 
Srst movement locks all levers conflicting with its new position 
and operates the function. The second a.TvA final yi ■" ' 
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of the Stroke releaaea such levera, hitherto locked, &a do not 
conflict with its new position. Except in the reverse position 
of a sienal lever, this final movement can be made after, and 
only after, the dynamic indication has been received certifyii^ 
that the operated function has assumed a position correspond- 
ing with that of its lever. 

Switch Mechanism — Its Operating and Indicating 

Circuits 

Each switch and derail ia thrown and locked by a switch 

and lock movement driven by a aeries wound direct current 




Ele-t 
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motor. Two wires are used for its control, one for the normal 
and the other for the reverse operation. These same wires 
are used for indicating purposes, the normal control wire being 
used for the reverse indication and the reverse control for the 
normal indication. The circuit is connected to main common 
at the switch location. 

The circuits for a switch are shown in simplified form in 
Fig. 5, the operating and indicating currents in the different 
diazrams being shown by the red lines. 

1 the switch (normal position) ia to be operated, the 

ivement of the stroke of the controlling lever carries it 

3 the reverse indication position and permits current to 

.,s shown in Fig, 5B, which causes the mechanism to to-q-j*. 

the switch points to the revetae positwiw ■i^i \tl^j^t. "C^^t^ ~^ 

that position. When this moveme"[vt \«a \>e«Tv cotw^'*.*^ ■"* 
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circuit through the switch motor is automatically chained, 
disconnecting the motor from battery and connecting it in a 
closed circuit including the indication magnet (Fig. 5C) ; at the 
same time the armature terminals are reversed for indication 

Eurposes, this leaving the motor connections in proper position 
ir the next operation. The motor (now a generator) with 
the momentum acquired during the operation of the switch 
movement, generates a momentary current which energizes 
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the indication magnet, thus permitting the final n 
the lever to be completed (Fig. 5D). 

The operation of the lever and function from the n 
the normal position is accomplished in the same man 

A useful feature, not usually obtainahle in other power sys- 
tems, is that the movement of the switch points may be re- 
versed at any portion of their travel at will by the operator, 
and the lever movement completed upon the switch points 
assuming a, position corresponding with that of the lever, 
irreroective of the direction of the first movemecit ^icsA.-s'ts^ 
the fever. 

The complete switch operation anA ftivaX -moNsstoc^^ ™- "^ 
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lever may be accomplished in from 
two to two and one-half seconds, 
the indication being practically 
instantaneous with the completion of 
the switch operation. 



Signal Mechanism — Its Opera- 
ting AND Indicating Circuits 

The description of signal mechan- 
isms will be confined to the non- 
automatic, two position signal, as this 
will show the principles involved in 
all types of motor driven signals now 
used m the system. 

This signal is operated by a 
mechanism in which the motor is 
directly connected to the semaphore 
shaft through low reduction gearing. 
The signal is held at proceed during 
such time as its controlling lever is 
in the reverse position solely by a 
dense magnetic flux thrown across 
the air gap between the motor arma- 
ture and the field pole pieces (holding 
field pole surfaces are serrated) by 
cutting the windings on the holding 
field poles in series with the operating 
field windings. 

Each signal requires for its opera- 
tion and indication one wire and a 
connection to the common return wire. 
A simplified circuit for this type of 
I'lG / signal is shown in Fig. 8, the path 

I Model 2A taken by the operating, holding, and 

W Signal indicating current in the different dia- 

I grams bemg shown by the red lines. 

M Upon reversal of the controlling lever, the signal 

M mechanism will receive current as shown in Fig. 8B, 
■HP this causing it to move the blade to the proceed 
V position. When the signal blade has assumed this 
I position the circuit breaker cuts in series with the 
■ operating field and armature, the high-resistance 
I holding field, thereby retaining the signal arm at 
M proceed (Fig. 8C). The holding field wmdings have 
a high resistance, which reduces the current to that 
employed for holding the signal at proceed. 

When the signal lever is placed in the normal indicating 

position, energy is cut off from the motor and the blade returns 

to the stop position by gravity, causing the signal mechanism 

and motor armature to revolve back^ward to t\\fe\T oxl^nal 
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position. Just as the blade reaches the stop position the 
action of the circuit breaker connects the motor armature and 
operating field into their original closed circuit (Fig. 8D), in 
which is included the indication magnet. Due to its acquired 
momentum the motor (now a generator) produces an indica- 
tion current in this circuit which permits the controlling lever 
to be moved to the full normal position (Fig. 8E). 

It is universal practice to indicate the signal lever in the 
normal position only, this insuring that the signal blade is in 
the stop position before releasing any of the switch levers in 
the route governed. No safety features are sacrificed if the 
signal fails to assume the proceed position upon reversal of its 
controlling lever. 

Dynamic Indication. The use of the dynamic indication as 
described above has the following advantages : 

First — The indication is not secured from energy existent 
at the function prior to the movement of that function and 
dependent only on the closing of a single break in the indica- 
tion circuit, as is the case in A. C. and battery indication 
systems; but being a dynamic current generated by the mo- 
mentum of the motor, it can be secured only after actual opera- 
tion of the function. 

Second — The energy for the indication is developed at one 
end of the circuit and the indication magnet is located at the 
other; hence a cross between wires prevents indication, whereas 
in systems which use the battery in the interlocking station 
for indication a cross tends to cause indication. 

Third — No extra power is required for indication. 

Fourth — The indication current ceases automatically with 
the stopping of the motor and, therefore, no auxiliary devices 
or operations are necessary to cause it to cease. 

Fifth — No additional wires are required for indication. 

Sixth — The generated indication current automatically 
"snubs" the motor and causes it to stop without shock and 
without the use of buffers, springs, or auxiliary snubbing 
circuits. 

Seventh — The indicating circuit is automatically; checked 
as to its integrity every time an indication is received, and 
being a closed circuit of low resistance around the motor, it 
shields the motor while at rest from all foreign currents. This 
inherently provides the foundation for the simple and effective 
cross protection system employed with the 6. R. S. electric 
interlocking. 

Means for the Prevention of Unauthorized 
Function Movements 

The cross protection system prevents the unauthorized 
movement of any switch, signal, or other function due to 
enei^gy improperly applied to its circuit through a cross between 
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wires, by cutting off current from the function in the event of 
Buch an occurrence. 

As explained under "Dynamic Indication," all functions are 
normally on a closed circuit of low resistance. Connected in 
each of these circuits is a small polarized relay through which 
all operating and indicating currents must pass in a direction 
to maintain the relay's contact closed, while all currents from 
an unauthorized source must pass in the opposite direction 
thus instantly opening the contact. Through all these con- 
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tacts in series is controlled the retaining magnet of an electro- 
mechanical circuit breaker, which b introduced into the power 
mains between the storage battel^ and the interlocking ma- 
chine. Hence, a cross onto the circuit of a function at rest. 



by opening the contact of its polarized relay, opens the electro- 
mechanical circuit breaker, cuts power off from the interlocking 
machine and thereby prevents any improper movement of 
the function. 

In a simple plant a single electro-mechanical circuit breaker 
is ordinarily installed, this preventing the movement of all 
functions at any time the circuit breaker may be open. Where 
traffic conditions warrant the increased expenditure, ».li4^^.^.t(«^l. 
circuit breakers may be provided to -^erovR. oV SviXS-v-Mt '^i™' 
plant into as many sectiona as ma-y ^le Assviti- 
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The design of the circuit breaker is such as to make it impos- 
sible for a leverman (thoughtlessly or through ignorance) to 
prevent it from performing its function. 

Cross Protection. The cross protection secured with the 
G. R. S. electric interlocking system has the following advantages : 

First — All contacts and connections depended upon for 
cross protection are either on closed circuit or are used for opera- 
tion and indication, so that any failure of these contacts and 
connections, which would impair their usefulness as a cross- 
protective medium, also prevent operation and indication. 
Hence they are under a constant, automatic check without the 
use of any extra contrivances for this purpose. 

Second — Wire insulation is not depended upon for cross 
protection. This system at certain mstallations has given 
years of safe operation with wire, the insulation of which does 
not measure up to the usual standard. 

Third — The cross protective apparatus consists of the polar- 
ized relays and apparatus on the operating board ; no wire or 
additional appliances are required outside of the station to 
secure this protection other than the simple apparatus already 
installed for the operation of the various functions. 

Fourth — The switch and signal motors, being of low resist- 
ance, require a current of several amperes for their operation; 
therefore, a cross to produce the operation of any function 
must be of very low resistance. Thus it will be seen that the 
system is not sensitive to the effect of crossed wires. Not- 
withstanding this fact, an efficient system of cross protection 
is provided in the G. R. S. system. 

Conclusion 

The comparative value of different systems of interlocking 
may be accurately determined by a consideration of but four 
essential factors. These four factors must be present in any 
interlocking system to warrant its use. They are: Safety , 
Facility, Reliability, and Economy. 

Safety. 

The factor first demanding consideration is that of safety. 
This essential of an interlocking system overshadows all other 
considerations, and in the ideal system the safety must he 
absolute. The G. R. S. electric interlocking with dynamic 
indication provides a factor of safety that is the closest approxi- 
mation to the ideal known to those skilled in the si^aling art. 
This is verified by the statement made by a disinterested 
committee in an able report based on a study of various types 
of power interlocking systems, presented to the International 
Congress of Application of Electricity held at Marseilles, 
France, in 1908, this statement being worded as follows: 

'The safety of an interlocking plant \s ^eperiderit solely 
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upon the existence of a positive, reliable indication of corre- 
spondence between the position of a lever and its controlled 
function. * * * the Taylor (G. R. S.) system meets 
even this requirement. In Kict it insures absolute reliability 
of indication by employing the motor as a means for generat- 
ing the required current as explained above — so that it is 
certain that the indication given cannot ever be due to de- 
fects in wiring. Then, this indication having been received 
in the interlocking station, it establishes a control which is 
permanently maintained by a source of energy located in 
the station. Moreover this permanent control utilizes identi- 
cally the same circuit that is employed in the normal operation 
of the function; in consequence, the circuit used is one that 
must be maintained in good, operative condition for each 
movement of the function. 

It will therefore be seen that by virtue of this arrangement, 
the Taylor (G. R. S.) system insures permanency of indica- 
tion ; that it is economical since it utilizes the operating source 
of energy located in the station, and that it is absolutely 
trustworthy since it is in no sense subject to any danger from 
crossed or grounded wires." 

Facility. 

The facility offered by any given interlocking system depends 
largely upon: first, the rapidity of operation of the individual 
functions, and second, its capabilities for permitting simulta- 
neous operation of a number of functions. In such a system 
the amount of time required to move traffic is reduced to a 
minimum. 

By incorporating the above two features in the design of the 
system, the G. R. S. electric interlocking fully meets all 
demands for facility of operation. This has been repeatedly 
proven by the performance of the system at points where 
the traflSc conditions have imposed the most exactmg operating 
requirements. 

Reliahility. 

The reliability of an interlocking system is primarily de- 
pendent upon the fundamental principle underlying its opera- 
tion, and m general it may be said, without fear of contradic- 
tion, that unless the principle is simple, it is not correct. The 
correct principle having been adopted, the reliability of the 
system then depends upon a proper design of each and every 
part of the devices usea to put the principle into practice. 

It is recognized that the principles of operation of the G. R. S. 
interlocking are correct, and the circuits simple to an extreme 
degree, no radical changes having been made in either since 
the introduction of the system. The parts of all apparatus are 
strong and rugged, and capable of performing their functions 
without undue wear and tear ; furtnermore, the desisga. oi -^Sk 
parts of the apparatus has been ao nct^ ^i-a-x^^xi^ -^^^s^^^rXr^ 
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during some twelve years' experience that their form now 
represents the very best engineering practice. 

As an example of the system's reliability of operation, 
records published by an important railroad covering a period 
of one year show a total of 2,615,406 switch operations, in 
which the number of imperfect operations were so few that 
they did not exceed one to every 186,814, and the total traffic 
detention for the year was only seventy and one-half minutes. 

Economy. 

Due to the correct design of the apparatus and resultant 
long life of same, the cost of renewals is practically negligible. 
This, together with the marked simplicity of the circuits, 
insures a cost of maintenance much less than in any other 
system of interlocking. The cost of operating also shows a 
corresponding economy, not only by the fewer number of 
men required for the operation of the power system as com- 
pared with the mechanical system, but also in the cost of 
power when compared with other power systems. Carefully 
kept railroad records show that the power cost is but one cent 
for 300 to 400 switch and signal movements. 

A most minute analysis and extended description of the 
merits and advantages of any given system of interlocking 
fails to be convincing unless the truth of all the statements 
are thoroughly substantiated. That the above statements 
concerning the G. R. S. electric interlocking system must 
be true, is shown by the well nigh universal adoption of the 
system, both for large and for small installations. 

Four hundred and forty installations have been made or 
are under contract on some eighty different railroads in all 

Earts of the United States and Canada, a considerable num- 
er of plants also having been installed in Europe. On the 
basis that one interlocking lever in use for one year equals 
one lever year, the G. R. S. system now shows a record of 
110,000 lever years. 

The satisfactory operation of these installations, large and 
small, under widely varying conditions of both climate and 
traffic, is a most convincing demonstration that every demand 
for an interlocking system has been met in a most satisfactory 
manner by the G. R. S. electric interlocking. 
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G. R. S. ELECTRIC INTERLOCKING 

APPLIANCES 



GIVTXC; A DKSCRIPriON OF THE AP- 
PLIANCES USED AND rilEIIl METHOD 
OF OPERATION 



INTERLOCKING STATIONS 
The Interlocking Station 

THE interlocking station, from which the various switch 
and signal Functions of the plant are operated, is usually 
a two-story building similar in appearance to those used at 
mechanical plants. The station does not require the same heavy 
construction used in mechanical work on account of the fact that 
the movement of the levers of the electric interlocking machine 
puts absolutely no strain on the building. It should be noted 
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I, however, that the frame building generally 
used in the earlier installations is of late years being largely 
supplanted by the more substantial brick or concrete structure. 



Size of the Building 
The station can be much smaller than that required for 
mechanical plants of the same number of functions due to the 
smaller size of the interlocking machine. The length of the 
building ia usually determined by the size of the interlockuwt 
machine; the width, however, is aeTieni.\\^ \iv «s-fjii?5a cl^ '^"*^ 
required for the machine, beme mcTeasei Ws iis,tG-c«c&oe>=^ 
the table, lockers, etc., needed by ftie wpeTa.\.ot. ■a-^^ "^"^ ^ 
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larger installationa to provide Toom for a train director and 
telMTaph ofierator. 

When it is desired to have shops and storerooms located 
in the interlocking station, the machine ceases to be the 
determining factor in the size of the building, unless the 
additional space for these rooms is secured by using a three- 
story building as in the case of the L^ke Street Station 
shown in Fi?. 13. It is also true that on small plants the 
location of the storage battery and power apparatus in the 
lower story of the station is apt to make it necessary for 




Arrangement of Apparatus 
The different methods of arranging the apparatus in the 
station is shown by Figs. 11, 13 and 15, which may be 
taken as typical of small, intermediate and large sized stations 
respectively. By reference to these illustrations it will be 
seen that the general practice is to locate the interlocking 
machine, the operating switchboard and such accessory appa- 
ratus as track diagrams, indicators, etc., on the tat ft.os^,''^ 
storage battery in a room by \tae\l on ftve \o-«feT ?vwrt , a.-^^ y^^^ 
chaining apparatus on the same fiooT ■wVJn >Civfe\«WsK^ "^ "^^ 
builSng separate from the intetVocVAvi^ ^J^.^AOTi. 
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Points to be Noted 
The design of the building should be such that the floors 

will be sufficiently rigid to properly support the m^hine. 

Wherever poasible the general [iractice is to have the operat- 
ing room Uberally supplied with windows to permit the operator 
to have a clear view of the tracks throughout the plant. 

It is highly desirable that the conduits or ducts provided for 
the runs of electrical conductors about the tower should be 




of sufficient capacity to have 25 per cent, spare space after 
all wiring ia in place. 

No special foundations are required for the apparatus used 
inan electric plant, except when the charging generator is 
driven by an engine, in which case a substantial foundation 
should be provided for the engine so that the building will 
not be subjected to any vibration during its operation. 
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POWER PLANTS AND SWITCHBOARDS 
Composition 

THE power equipment for the G. R. S. Electric Interlocking 
plants is usually composed of s, storage battery, suitable 
means for charging tfae battery, a power switchboard and an 
operating switchboard. 




Location 
The location of the units which compose the power plant 
varies conaiderably on different installations. The operating 
switchboard is always located in the operating room, being 
placed whenever possible in such a position that its meters 
and indicating lamp are in full view of the leverman when 
manipulating the levers of the machine. The storage battery 
is ordinarily located on the first floor of the irterlockii^ 
station. The power switchboard and charging apparatus at 
many installations are placed in a room adjacent to that occu- 
pied by the battery, although building restrictions or the need 
of space for workrooms or ofHcea often make it l^fetl;«Bi.^ ^s> 
house this apparatus in a buil^iis ae^OTa.^« Ixraa ■Cwa -ii:*jes- 
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The interloeklng battery usually consists of one set of 
storage cells having a potential of 110 volts. A second or 
duplicate battery is furnished on a few of the larger installa- 
tions to insure auffleient power for any possible emei^ency. 




The capacity of the battery used should be based on the num- 
ber of function movement between battery charges and the 
current used for all auxiliary apparatus. 

The battery as usually installed comprises fifty-five lead 
type storage cells. When long runs of conductors between 
the battery and interlocking machine are necessary, one or 
more cells are sometimes added to the battery to compensate 
for the voltage drop which occurs in the condactota 'when- 
ever several switch functions are operated at tW same^JM*. 
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This n&y also be tftken care of by using wires of larger cairy- 
iitt capacity than would otherwise be necessary. 

Low voltage batteries are frequently installed to operate 
HTinmirfa fawB, indicators, relays and electric locks, and occa- 
BiouaDy to serve the track circuits of the interlocking plant. 
Opfratii^ the relays, indicators, etc.. from a low valine 
battery usually proves more ecoDomical than to take current 
for that purpoae from the main battery. 

Chahging Apparatus 

The charrang of the battery is eenerally accomplished by 

means of a shunt wound generator driven by an electric motor 

(H' gagftlino engine. The generator should be capable of de- 




Flo. 18, 



Uvering the desired current at any \oltage from 110 to 160, 
the current output being determined by the charging rate 
recommended tor the batteriw in-Jtalled In the event of the 
generator being used to supply current tor lighting, either 
regularlv or in case of emergency the additional capacity 
required for the purpose should not be o\ erlooked. 

When the generator is located at some distance from the 
battery it is necessary to take care of the voltage drop due 
to the resistance of the charging circuit, either by increasing 
the size of the conductors or by using a generator having a 
hiehw voltage rating. 

Whenever current of suitable voltage and from a reli- 
able source can be secured at reasonable rates, its use is rec- 
ommended. The motor-driven generator, referred to above, 
is usable with either altematine or direct, c.ijT^Tit.'Cwa ^i^-wEt?L^>st 
being shaft or belt connected to ttie twAot i*a ijwi'^'*'. ■^'s*- 
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convenient. If the current supply is direct, a chareing rheostat 
can be used for the battery chaining, or if alternatii^, a 
rectifier employed. 

Chargii^ rheostats, having no moving parts, are the simplest 
and most reliable of the different types of apparatus which can 
be used in this work. They are, however, very much less 
efficient than other battery charging devices, and therefore 
should not be used when the cost of power is an item to be 
considered. 

Motor generator sets are compact, reliable and, furthermore, 
highly efficient. When used on this type of work, they can 




be designed for operation on voltages as high as 550, the 
lower voltages, however, being recommended as most satis- 
factory from the maintenance standpoint. 

Power Switchboard 

The power switchboard most frequently furnished (FMg. 
20) is arranged to control the charging of one set of storage 
batteries A-om an ei^ne driven generator, and in conjunction 
with the operating board to control the power delivered to the 
interlocking machme. 

It may be placed in any accessible position in the power 
house, convemence in making the runs of electrical conductors 
between the power board, the charging apparatus and the 
battery being considered. 

The size and arrangement of the power board for different 
iostallatioas is determined by the metfacA lA cVai^n^ the 
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batteries, the number of sets and voltage of each battery, and 
whether or not the board is to control any electric ligbting 
which may be installed at the plant. If a motor generator 
set IB to be controlled an additional panel for its starting device 
can be mounted on the switchboard frame. 

When the track circuits in the plant are operated from 




stora^ebatteriea or from transformers located in the interlocking 
station, it is customary to serve these track circuits through 
switches on the power ooard. 

On the switchboard shown in Fig. 20 are mounted a 
no-voltage, reverse-current circuit breaker, a field rheostat, a 
voltmeter, an ammeter, suitable switches, and the necessary 

The no-voltage, reverse-current circuit breaker, which is placed 
in the chargii^ circuit between the generator and battery, is 
designed to open in case the voltage o£ tVie ^«nera.\Jrt ^sJia^^o* 
that of the battery. By meana oE this arrangfemenlt titvft i?wa^T^ 
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of the battery can be accomplished without the constant atten- 
tion of the maintainer, this permittii^ inspiections to be made 
at such intervals as may be most convenient. 




The rheostat connected in series with the generator field 
permits the generator voltage to be accurately regulated. 

The voltmeter and ammeter are arranged to give readings on 
the charging or dischai^ing circuits as desired. 

The BimpUfJed diagram (Fig. 221 shows the principles of 
tie circuits used in connection witt\ tWa board and clearly 
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fflilltlBi the ftmetipiMi of the ymjous devices 

Ophuting Switchboard 

Tbrn OMntiiig switehboard shown in Figs. 24 and 25 is 
typiad « those furnished where all functions in the plant are 
to De eoBtrolled throuah a sintde circuit breaker, when the 
pkiit is sMtionaliied uie boara must be eciuipped with addi- 
&aoal drenit fareaken, one being reouired for each section. 

Tlia sroaiatos mounted on the ooard illustrated consists 
of the en»B protection chrcuit breaker with its indicating red 
lamp, a poluiBed rday, a ground lamp and switch, a volt- 
meter ana an ammeter. A pand for li^htine switches can be 
bolted to thB switchboard mune when it is desired to control 
the Kghting from this point. 
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Fio. 26. Simplified Circuits for Operating Switchboard 

Lettering of the cross protection circuit breaker contacts corresponds 
with the lettering used in Figs. 64 and 66. 



The cross protection circuit breaker, introduced into the 
power mains leading to the interlocking machine, is so controlled 
uiat In the event of current being improperly applied to the 
dreuit of any fimction at rest, the circuit breaker will open 
and eat all power off from the system. The red lamp is 
arranged to be lighted at this time to call the leverman's atten- 
tion to the fact uiat the circuit breaker has opened. 

Th0 dedgn of the circuit breaker and its cover is such that 
it cannot be prevented from opening should a cross occur, 
nor can it be restored to its operating position except by means 
of the restoring handle. 

The simplified circuit (Fie. 26), in which is included only 
the apparatus essential to the circuit breaker control, shows 
the retaining magnet of the circuit breaker controlled throiigh 
the polarized relav on the switchboard and those on tVs&vK^et- 
loddng machine m such a manner, tYiaA., ^cra\dL ^\!^ ^V '^^^sns. 
ivFaraethdi* position, thecircidt\weaVfi»'wSV\XMM5&^^ cs^jwv. 
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The polarized relay on the switchboard is to guard against 
the effects of an accidental cross between the positive and 
indication buss bars on the interlocking machine, the relav 
operating in the same manner as the polarized relays which 
protect the various switch and signal functions. 

By means of the ground lamp and switch, the plant may be 
tested for positive and negative grounds. 

The voltmeter indicates the battery voltage at the terminals 
of the interlocking machine. 

The ammeter shows the current taken by the various func- 
tions when they are being operated. By observing this current 
reading the operating conditions of each function can be 
determined. This is particularly true of the switch functions, 
the need of oiling or adjustment being readily detected from 
the abnormal amount of current or length of time required for 
their operation. 



ELECTRIC INTERLOCKING MACHINES 

iNTERIiOCKING MACHINE CONTROL 

THE interlocking machine used with the G. R. S. Bystero 
controls the movement of switch and UKnal functions 
through the mediuin of suitably interlocked levers, which 
with their ruides, indication magnets and circuit controllers. 
are mounted in the common frame as shown in Fig. 27. 
General practice is to furnish an individual lever for each signal 




arm and for each switch function, except where two switches 
are to be operated together, in which case their levers are rigidly 
connected and operated as a unit. 

The design of the machine and the controlling circuits is 
Buch that the following features essentia! to safe operation are 
afforded: 

First — No lever can be moved !roma. sv^en. v^*-"'?"^*-'*?^, 
otbtr lever, mechanically inter\oc\ted. ft\erc«\tV, v ™ ''^^''^ 
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position that its controlled function wOl conflict with the 
function to be moved. Furthermore, due to the mechanical 
locking being of the preliminary type, before the given lever 
can be moved from its position, all these conflicting levers 
will be locked agaiiist movement until such time as it is proper 
for them to be released. 




3. 4 H. 11. R. u. 



Second — The full movement of any switch lever cannot be 
completed until the controlled function has moved to, and been 
locked in, the position corresponding with that of the lever. 
In the case of a signal lever this correspondence of position is 
required only on the normal movement of the lever, which 
can be completed only after the signal arm has assumed 
the stop position. 
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Third — Each function when in a [losition of reat ia pro- 
tected againat any unauthorized operation which might otner- 
wiBe_ be accompliahed through current being wrongfully 
applied to its controlling circuits. 



In explaining the operation of the lever, its movemei 
;onmdered aa Deing divided into three parts, the pr*' 
naiy, intermediate and final. In order that the rfsitier may 



not be confuBed on account ot the lever operation having 
previously been described as being performed in two move- 
ments (page 18), it is desired to point out that the pre- 




liminary and intermediate part usually constitute one contin- 
uous movement, it being necessary to separate them, however, 
when considering the detail operation of the lever. 

The following description is based on the operation of the 
switch lever. Each of these levers is provided with a cam 
slot, by means of which intermittent motion is transmitted to 
its respective tappet bar and thence to the cross locking. In 
Fig. 30 the dotted circles 1 to 5 in the cam slot indicate the 
positions of the locking tappet roller which correspond with 
the like numbered position of contact block Z. In the pre- 
liminary movement of the lever from position 1 to 2, the 
locking tappet is moved through otier-'tia.M cil \W. ^-^■3*.^, 
this movement locking all levers w'hich covift\i^ ■«\'Otv ■Oin.-^ iJ.'iw 
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position of the lever in question ; in this movement no change 
whatsoever is made in the operating circuits. During the 
intermediate part of the travel from positions 2 to 4, the tappet 
bar remains stationary and the contact block Z is moved out of 
engagement with springs YY and into contact with springs 
XX as shown in Fig. 31, this setting up the circuits for the 
operation of the function. The lever is held at this point, 
(position 4), through the mechanical design of the lever proper, 
until such time as the function having moved to a correspond- 
ing position, generates the dynamic indication current which 
effects the release of the lever and permits its movement to 
position 5. During this final movement from position 4 to 5, 
the stroke of the locking tappet is completed, thereby unlocking 
all levers which do not conflict with the new position of the 
operated lever. 

The method by which the lever is prevented from completing 
its stroke, until the controlled function has moved to a corre- 
sponding position and has sent in its indication, is illustrated 
by the following : in moving from positions 1 to 2 projection M 
on the lever coming against projection K on latch L, causes 
the latch to assume the position shown in Fig. ^1. This 
brings projection J on latch L into the path of tooth Q on the 
lever. In moving from position 2 to 4, tooth Q engages with 
cam N, rotating it to the position shown in Fig. 31. As it 
passes the central position (shown dotted in Fig. 31) it comes 
m contact with dog P which is forced under latch L, thereby 
locking the latch L in the position assumed. The lever is 
stopped at position 4 by tootn Q coming against projection J 
on latch L as previously explained. The indication current, 
by flowing through magnet 1, lifts armature T which causes 

? lunger R to strike dog P and trip it out from under latch L. 
'he latch L then drops to the position shown in Fig. 30, 
thereby releasing the lever and permitting its final movement 
to be accomplished. 

The movement of the lever from reverse to normal is per- 
formed in a similar manner to that described above. Atten- 
tion is called to the fact that once the lever has been moved to, 
or beyond, position 3, it can neither be moved forward beyond 
position 4 nor back beyond position 2 without the receipt of 
an indication. 

The movement of the signal lever is identical with 
that of the switch lever except that no electrical indi- 
cation is required during the reverse movement, the lever not 
being checked at position 4 due to a change in the design 
of dog P, which is mechanically tripped at this point from 
under latch L by cam N. The mechanical locking insures that 
before a signal can be given for any route, that all switch and 
derail functions in the route are thrown to the proper posi- 
tions and locked in that position, and that all opposing signals 
are in the stop position. No changes can be made in the 
position of any of these functions \int\\ tYve \ever » cotvtrolling 
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the signal displayed at proceed, has been replaced to its full 
normal position. 

The various functions are protected against unauthorized 
movement by means of the cross protection system, as de- 
scribed on page 89, the individual polarized relays which 
furnish this protection being mounted on the terminal bcKard 
of the int^locking machine. All lever contacts which form a 
part of this cross protection scheme are used in the operation 
of the function, and hence are checked as to their integrity 
with every complete operation. 

Model 2 Unit Lever Type Interlocking Machine 

The description of the interlocking machine following is based 
on the Model 2 Unit Lever Type (Fig. 27) which is considered 
the standard machine. This machine is a development of the 
Model 2, still widely used, a cross section of this being illus- 
trated by Fig. 137. Modifications of the Unit Lever Type 
machine are shown by Figs. 32 and 138, the latter being 
furnished when more contacts are required for supplementary 
circuits than can be secured on the regular lever circuit con- 
troller. 

The standard machine essentially comprises the frame, the 
levers with their guides, indication magnets and circuit con- 
trollers, the locking plates and locking, the terminal board, 
and the machine cabinet. 

Frame. 

The frame work, which consists of a bed, supporting legs 
and brackets, is substantially constructed, thereby insuring 
that all inter-related mechanical parts are maintained in their 
proper relative positions. For machines having a capacity up 
to forty-eight lever spaces, the bed is cast in one unit. Machines 
of over forty-eight levers are made up of various combinations 
of beds bolted together to give the required lever spaces. 

Locking Plates and Locking. 

The locking plates are securely attached to the front of the 
machine frame, being furnished in tiers to a maximum of 
tlu'ee, the number depending upon the amount of locking 
required at each individual plant. A fourth tier can be 
furnished when necessary by using a special form of leg, 
which has sufficient heignt to accommodate the extra tier of 
plates. 

The locking plates are designed with vertical and horizontal 
slots, the locking tappets, one of which is attached to each 
lever, being fitted in the vertical slot directly beneath its 
respective lever. Movement is transmitted from the lever 
through the medium of the tappets to the cross locking, which 
slides back and forth in the horizontal slots of the locking 
plates. The dogs used in the cross loekm^ ea.x^ \i^ \NxrKN^^ 
screwed or riveted to the locking stnpa, ^a ^<eavc^. 



54 



GENERAL RAILWAY SIGNAL COMPANY 



. 8 





? 









1 








1^ OS 






00 










1^ 1^ 






^ 










1 1 






^ 










X— \ /— \ X— \ <>-N 






o 










OS »0 !>• •-• 






"^ 










1-t i-H »-H N 
v_^ >»• -.^y v_^ 

1 1 1 1 • 

OS >A !>• 1^ »0 »0 






- ■ 










1-t 1^ ^H N ^-t ^H 


P^ 


& 












• • • • 








> 












• • • • 


tf 






0) 












> • • • 


• 







^ 




















3 












I • • • 

»-H 


• 






^ 












w • 


n 
















^ 


- T>-^ 
















OS 


r^ t^ t^ 


p0\ 














^H 


1-t l-H 1-H 


2 






^ 








>_^ 


?5 




ki' 












x 




u 




- '■■^^. -^ 


' -^~ 




N 


/. 


y< 


> 

3 


><*< ir. 


CD r- 


GO 


O C 


1-H C<l CO "^ 


p 


< 


1-H 1-- 


1-H 1-H 


1— < 


^ (N 


C^ M C^l C<l 




-■" ■ 




— 







1-H 


- 


^. 






S 












1 


OS o 


P 










CM 


1-H 1-H 

1 ^ 1 


M 


*< 

tf 


i§ 










1- ?r »o 

r-H C^l 1-t 


•» 


H 


o 










' ^^-^ 


o 


> 


5 


»c 


1 lO w 




1 III 

^^ ,_Hi-HC^i-Hi-Hi-IW 


tS 


C 




1 


1 1 




1 T 


^1 1 j^ 1 1 \ y 


OJ 


PQ 








t>. 


S2 


^T CO lo ^ CO r>. CO w" 




< 
O 




' "" 




(NC^li-H(NC^'-H(NC<l 


H 












• ' N Sw' 


1 


















Q 


H 


d 


^ 


















« 

H4 

? 




o 






















O 


> 






IC 


»t5 

>• — ' 






OS o 

y-K 1-H 


10 I.- 

1-H 1-H 


1-H 1-H 












^ 


Oi 


I- X 


Ci 




O ""^ 


'>\ CO 


• 


c 


.J 








I-H >— ( 


I-H 1-H 


< 


h-i 




""' 


— — 






— ■ 


^ 
















di 




09 


o 










8 

< 

(4 






1-H 
1 






oc 
1 






3 


/•~^ 
S 


o 




•c 


• 


H 






' cc 


1* 4^ 


-t" 


CO T 


^ CO _. '^ CO 






•^ c 


(M O 


W 


(>1 ^. 


C<l (N Oi (N (N 


• 














L. 


CO 












• 


' 




• a> 


CO 


















> 


• 












■ 


■ 


* 


• • oj 


o 












, 




» 


, HH 


£ 




e 




'^ 


> 


1- 


^^» 




I- OS Jd 


f*l 




S 






• 


1-H 


1-H 


. 1-H 


^ 1-H y 






£3 




T 


^"v . 


1 


1 


1 


1 1 Q 
/-v ^ ^ 

1-H lO "^ 






i^ 




1** 


1- 


1-H 


o 


y-< OS 










^" 


^H 


(M 


1-H 


. C^ <-• 


C<l i-( «^ 












"^^ 


"*— '■ 


v_^ 


V V ^' 'o 










1 


1 


1 


1 


II > 1 1 « 












X''"*^ 


''"N 


/"^ 


lo lo io »o lo r5 

>w^ >_• v_^ Q_P 










t 


1< 1< 


"^ 


-r 






hi 




.^. 


— ' 


- 


-^ 












> 










^■^-*_^^ 






•— t 






(M 


CO •^ lO <o 



ELECTRIC INTBKLOCKING HANDBOOK 




56 GENERAL RAILWAY SIGNAL COMPANY 

Each tier of locking has eight of these horizontal slots, 
and each of these slots is capable of accommodating four 
locking Btrii)B, thus giving this type of locking bed a large 
capacity as ia indicated by the fact that the locking required 
for extremely large and complicated layouts has been readily 
accominodat^d in three tiers. In fact, it is a very rare 
occurrence that the fourth tier is ever required. 

By using locking of the vertical type no additional floor 
space is required b^ond that ordinarily taken by the machine. 




o. 3S. UsTTTtraSwiTruI-EVcKEofi 

WITH Ijivnn Lock and I^hp Cas 

tSeoFiB, 141.) 



no matter how many tiers are provided. This t^pe of locking 
also permits ready access tor infection or cleamng, or making 
any changes which may be required. 

Levers. 

Each lever with its guide, indication mi^net. controllers, 
etc., comprises a complete unit tn the interlocking machiae, 
the design being such that the unit may be removed or replaced 
in the machine without movii^ the lever tappet from the 
normal pomtion or disturbing adjacent levers in any way. The 
leva- guide ia lojntly supported Dy tlie top edie of the locking 
pUtett and a iongitudinal bar !aatene& \« "&& \ieb£!MSs., ^b» 
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circuit controllere being screwed to two other bars which are 
supported b^ this same bracket. 

The circuit controller with which each lever is equipped can 
be provided with a maximum of five tiers of contacts, con- 
trolung five normal and five reverse independent circuits, which 
affords more contacts than are ordinarily desired for supple- 
mentary circuits. 

The space required for each unit is but two inches, this 
permitting the complete machine to occupy less space length- 
wise than other existing t^es of interlocking machines, either 
power or mechanical, havmg the same lever capacity. 

lamvp Case and Number Plate. 

The combined lamp case and number plate is mounted above 
each lever, its base being attached to a plate screwed to the top 
of the lever guide, and its top to the cabinet frame. The num- 
ber plate is designed to lie at an angle which renders it readily 
visible to the operator when manipulating the lovers. Bulbs 
and sockets are furnished only for such levers as may be 
specified, generally being used in conjunction with some type 
o5 dectric locking to give an indication as to whether the lever 
may be moved or not. If desired, a double lamp case can be 
fiu'nished to give two separate indications. 

Terminal Board. 

The slate terminal board is securely attached to the brackets 
on the rear of the machine On this board are mounted the 
switch and signal buss bars, the individual polarized relays, 
fuses for the operating circuits, and the terminal posts for all 
• wires which form a part of any of the interlocking machine 
circuits. The wires running from the binding posts to the 
various contacts, etc., in the machine are made up as formed 
leads, thus presenting a neat and uniform appearance ; it also 
simplifies any "connecting up" incidental to the field installa- 
tion of additional levers to the machine. 

All fuses and terminal posts on the board are located directly 
beneath their respective levers, the terminal posts being 
lettered in correspondence with the circuit plan to indicate 
the wires which are to be attached to each post. 

Polarized Relay. 

The polarized relay which is illustrated by Fig. 36 is 
mounted on the terminal board directly beneath its lever. 
It is provided with a soft iron core which lies lengthwise between 
the poles of a permanent ma^et, the design bein^ such that 
current passing in one direction through a windmg on the 
soft iron core, tends to hold the relay armature normal and 
contact closed, while current in the opposite direction imme- 
diately reverses the armature and theTe\y^ e^cvji^^^ "Ocvfe <5.^Tiy?>jiX. 
to open. An extension of the arnvatviTe \a -^tonV^^ \wt <ys^- 
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venience in replacing it to the normal position should it for 
any cause be reversed. 

Indication Selectors. 

The indication selectors, one of which is used in connec- 
tion with each switch function, are mounted on a shelf sup- 
ported by a bracket on the rear of the interlocking machine. 
The selector is simple in design, consisting of two electro 
magnets and a contacting armature which throws in one 
direction when the lever is reversed and in the other when the 
lever is put normal. 




Fig. 36. Polarizbd Relay 

Interlocking Machine Accessories 

Lever Locks. 

The electric lever lock, illustrated by Fig. 35, may be 
applied to any lever in the machine, its winding being designed 
for operation on direct or alternating current. The lock is 
designed to be mounted on the top of the lever guide, locking 
the lever in any required position by means of a solenoid 
plunger, which, when the lock is de-energized, drops into a 
notch cut on the top of the lever. These notches may be 
arranged so that the lever will be locked in any position as 
required by the electric locking circuits used at the plant. 
The circuit for the lock coil is broken through a contact spring 
actuated by the lever latch, the lock therefore not consuming 
energy except when lever is to be moved. 

Mechanical Time Release. 

The mechanical time release furnished with the G. R. S. 
interlocking is illustrated by Fig. 37, and the method of its 
application to the machine by Fig. 38. It is used in connec- 
tion with electric locking circuits to effect the release of a 
route in case of emergency, this being accomplished by manipu- 
Jating the release to its full reverse position, at which point a 
contact is closed to pick up a stick relay, energize a lever lock, 
etc. The first movement of the device \AyN^^ Wi^^ reverse 
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position, however, mechanically locka, in their given positions 
the levers controlling all functions in the route, this necessitat- 
ing that the release be returned to its normal position before 
the route can be changed. The operation of the -alease to the 
reverse position and back to the normal position affords a 
time interval of about two minutes. 







SWITCH OPERATING MECHANISMS 
Switch Machine Control 

SWITCH «ind derail functions in the G. R. S. system are 
operated by switch and lock movements, driven by series 
wound direct current motors. 

These switch mechanisms, each of which is under the con- 
trol of a lever in the interlocking machine, require for their 
operation two wires only, one being used for the normal 
and the other for the reverse operation. These same wires 
are used for indicating purposes, the normal control wire being 
used for the reverse indication and the reverse control for the 
normal indication. The circuit is connected to main common 
at the switch location. 

When the lever is moved to a position to cause the operation 
of the switch mechanism (see dotted position of lever con- 
tacts in Fig. 39), current is taken from the positive buss 
bar througn the safety magnet, indication selector, lever 
contacts and the control wire, through the switch motor 
and to common. This causes the desired movement of 
the switch machine, which performs the following functions in 
the order given : 

First — The detector bar is raised and the switch unlocked, 

Second — The switch points thrown. 

Third — The switch points locked and the bar lowered. 

Fourth and Lastly — Current is cut off from the motor, and 
the terminals of the motor armature reversed for indication 
purposes, this leaving the motor properly connected for the 
next movement. 

The motor is now on a closed circuit which includes the 
indication magnet. Due to the momentum acquired during 
the switch operation, the motor armature continues on severs3 
revolutions for the generation of the momentary current 
which energizes the indication magnet and thereby permits 
the final movement of the lever to be completed. 

The operation of the switch machine in the opposite direc- 
tion is accomplished in the same manner as described above. 

The changing of the motor connections at the end of the 
switch operation is effected by the mechanical shifting of the 
contact olock in the pole changer (Figs. 42 and 46). In 
addition to being mechanically operated, this contact block is 
under the control of two sets of solenoid magnets, so that 
should the switch fail to complete its movement the controlling 
lever may be shifted, and, through the energizing of one 
set of the magnets, cause the pole changer to set up the circuit 
for the operation of the switch in the opposite direction. 
This places the mechanism so under the control of the lever- 
man that should the switch points be blocked with snow, ice, 
etc., the points may be worked back and forth, frequently 
dislodging the obstruction, thereby permitting the desired 
niovement of the switch to be completed. 
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indication magnet with the indication magnet armature resting 
on its poles, some distance from the poles of the indication 
magnet. The safetv maenet coils are so connected in the 
operating circuit that the whole operating current flows 
through them, hence any current flowing through the indica- 
tion magnet, due to a cross between the control wires of the 
function, cannot exceed the current through the safety magnet. 
The winding of the safety magnet is proportioned so that in 
conjunction with the above two features, the indication mag- 
net armature cannot be lifted by current resulting from a 
cross as stated above. 




From the time when the lever is moved to the new operating 
position until the movement of the switch machine is com- 
pleted, the indication selector further insures against the pos- 
sible receipt of any improper indication, being so connected 
that the operating current will attract its armature and close 
the contact for the reverse indication only when the lever is 
moved reverse, and the contact for the normal indication 
when the lever is moved normal. It should be noted that 
both the indication selector and safety magnet coils are con- 
nected in series with the control circuit, therefore if the cir- 
cuit through them is not intact, operation of the function will 
ieprevented. 
When the motor operating circuit is opened by the action 
"/ tfie pole changer, after the switch has been XoOtei im <^Bi- 
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tion, current ceases to flow through the safety magnet. There- 
fore the armature of the indication magnet ia no longer held 
down, this permitting the indication to i>e effected upon 
receipt of the dynamic current generated by the motor. 

The mechanism is now at rest protected against any unau- 
thorized movement in the same manner as bcfon' ine con- 
trolling lever was reversed. 

Owing to the design of the operating circuits, the magnetic 




control of the pole changer prevents the switch from being 
moved by hand from the position occupietl, exiiept through 
breaking the operating circuits by some such means as re- 
moving the motor brushes. If this is done and the machine 
moved to a position not corresponding with that of its con- 
trolling lever, upon the replacement of the brushes, the switch 
will immediate^ assume its proper position. Manipulation 
of the pole changer by hand wVW not cwise iftwve'mfps. sA "Cw*. 
switch out of correspondence ■witYi \\a \cvet . 
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MosEiL 2 Switch Machine 

The Model 2 switch machine, illuatrated by Fig. 43, con- 
ffista of the motor, gearing, lock movement and tne pole chan^r 
with its actuating movement. The gear frame and lockmg 
movement are securely bolted to a tie plate aa shown, to 
which plate the stock rails are also securely attached, thus 
rigidly maintaining all parts of the switch machine in their 
proper relation to each other and to the rail. 

Movement is transmitted to the various switch parts by the 
motor through a train of spur gears. 
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Model 2 Switch Machini 



The locking plunger I and detector bar are actuated through 
the lock crank H and the driving rod G, this latter being 
directly connected to the stud F on the main gear D,. It will 
be seen that a train occupying the track, in preventing the 
initial movement of the detector bar, would make impossible 
the withdrawal of the lock plunger from the throw and lock 
rods, and therefore prevent any movement of the switch 
points. 

The switch points are thrown by the rod J and the cam 
crank E due to the stud F on the main gear engaging with the 
cam crank. 

The operation of the pole changer B is effected throi^h the 
juedium of the pole changer movement L by the last one- 
dghth inch movement of the lock plunger I after it has passed 
through the lock rod K (Fig. 146V 
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The deaiga of the mechanism is such aa to allow the switch 
motor A, due to its acquired momentum, to continue its rota- 
tion for the generation of the indication, which checks the 
speed of the motor and brings it to rest without shock. 

A friction clutch C is introduced into the connection between 
the switch motor and the main gear to relieve the switch 
mechanism from any injurious strain should it suddenly be 
brought to stop by an obstruction in the switch points. 

Model 4 Switch Machine 
The Model 4 switch machine shown in Fig. 44, i 




case, which affords complete protection against the weather, 
provides a base plate for the mechanism, being bolted through 
the tie plate to the head block and the next tie back (Fig. 14!)). 
The operating parts consist of the motor A, a train of spur 
gears, the main or cam gear D, the pole changer M, the throw 
rod J and locking bar F. 

Th 

the c „ , 
machine are operated. 

The intermittent movement of the locking bar and detector 
bar is accomplished by the engagement of rollers on the lockii^ 
bar with the cam slot on the upper side of the main gear. 
Staggered locking is provided by ttie arrangement of the dogs 
on the locking tar, tnese dogs oeing placed so that after one 
do^ has been withdrawn to release tne lock rod. the switch 
pomtsmust be moved to the oppoa\t%poa\\.\ot\\i^'nft'Jtie.«CcsK 
dog can enter its slot in the lock tod. T\ie \iNH&'« TcA"\e.V*i*KSi 
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in both eKtreme positions of the switch by a bolt operated 
from the cam movement. 

The switch points are thrown at the proper time by a roller 
on the lower side of the main gear engaging a jaw in the 
throw rod. 




throiuh the pole chaneer movement and locking plunger as in 
the Model 2. Contact olocks Si and S, are operated from tripper 
arm N which engages at the proper time with a cam either on the 
upper or lower surface of the main gear D, depending on the 
da-ection of travel of the mechanism. The tripper arm is 
placed in a position to enga^ with the proper cam only after 
the switch baa been locked in position at the end of its move~ 
ment. This ia accomplished through the medium of cranks 
Ti and T,. a roller U on the latter working in a cam slot on the 
locking rod F,. The contact arm V (which corresponds with 
the commutator T on the Model 2 pole changer, Fig. 42) is 
operated by this same crank movement. 



ELEXnUC INTERIiOCKING 



The CI 



:t a free run of the n 



of generating a atrong and positive indication e 

A frietion clutch, designed with large surfaces and lined with 

fibre, te provided to protect the mechaniani from shock, should 

its movements be obatmcted. 

A Eiwitch circuit controller can be furnished if desired, 

located within the mechanism case at the point indicated by 



are mounted contact segments. As the switch is unlocked, i 
diseDgKging arm X with roller Y working in a. cam slot on the 
locking Dar F,, lowers the commutator out of engagement with 
the contact springs. During the movement of the switch 
poiiitB, the commutator is rotated on its axis through motion 




transmitted from the switch points by means of a crank con- 
nection, a sector (not shown) and pinions Z, and Z,. After 
the points are locked in position the commutator is raised into 
engagement with the contact fitters by the engaging arm and 
cam slot movement. It will be seen that this control insures 
the switch points are in position and locked in position before 
the switch circuit controller can be closed. The maximum 
capacity of the controller is ten independent circuits, the con- 
tacts being adjustable in pairs to close as desired at the 
normal or reverse positions of the switch. 

The switch mechanism can be used right or left handed 
without change, as the lock and throw rods may be connected 
from either side, A double locking cage is furnished when the 
machine is to operate a double slip switch or movable point 
frog, thus avoiding the necessity of using a plunger lock with its 
special connections otherwise required for the second lock rod. 

All parts are assembled in the factory and tested before 
■hipment under conditions approximating b.*'\v«mVj ^a-^ossMw, 
the aervice to be given the machme alter vwaXa.'^'WQ^i, 



MOTOR DRIVEN SIGNAL MECHANISMS 

MOTOR driven signals in the G. R. S. system of electric 
interiocking are operated by mechanisms in which a 
series wound motor is directly connected to the sema- 
phore shaft through the medium of low reduction gearing. No 
dash-pot or electro-mechanical slot is required for this type of 
signal. The mechanism is applicable for use as a hign or 
dwarf signal. 

The mechanisms furnished are of two types : 

First y the non-automatic, which is entirely under the control 
of a lever in the interlocking machine. Generally speaking, 
this type is furnished for dwarf signals, and for such high 
signals as will at no time require track circuit control. 

Second, the semi-automatic, which is operated under the 
joint control of a lever in the interlocking machine and the 
track circuits in such sections of track as are governed by the 
signal arm. The semi-automatic mechanism is also furnished 
for non-automatic high signals when there is a possibility of 
the signal arm being controlled by track circuits at some future 
time, or in case it is desired to have uniformity in the type of 
mechanism throughout the installation. 

Either of the above types can be adapted for operation in 
two or three positions, upper or lower quadrant, and to give 
right or left hand indications as desired. 

In the two position non-automatic signals, but one wire 
besides the main common is required for its control, this wire 
being used both for operating and indicating purposes. When 
the signal is to operate in three positions an additional control 
wire is required. In the case of semi-automatic control, an 
additional wire may or may not be required, depending entirely 
upon the arrangement of the track circuits in the route governed 
by the signal arm. 

Non-Automatic Signal Control 

The following description of the signal operation is based 
on the circuit shown in Fi^. 48 which is for the control of the 
two position non-automatic signal mechanism. 

Upon reversal of the controlling lever current is taken 
from the positive buss bar through the lever contacts, the 
control wire, the operating field and armature of the signal 
motor, and thence to common through the various switch 
circuit controllers as required. This causes the movement of 
the blade from stop to the proceed position, upon the com- 
pletion of which movement circuit breaker contact B opens 
and A closes, this connecting the holding field of the motor in 
series with the operating field and armature. The design of 
the pole pieces on which the holding field windings are mounted, 
js such that the magnetic flux, thrown across the air gap 
between the motor armature and the poVe pieces, Tcva^etically 
Jocks the armature against rotation and tYieteXyj x^XsCvcva >iXv^ 
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mechanism and brings it to rest without shock to any of its 
parts. 

In the case of the three position signal, operation from the 
zero degree position to the fortjr-five degree position is the 
same as described above. Operation from this point on to the 
ninety degree position is ordinarily dependent upon the signal 
in advance, it being necessary however that the controlling 
lever be reversed before movement of the mechanism can take 
place. The mechanism is held in its ninety degree position 
through the medium of the holding fields in the same manner as 
in the forty-five degree position. When the signal arm is re- 
turning from the ninety degree position and is to be held at 
the forty-five degree position, its movement is arrested at that 
point by short circuiting a " snubbing " winding on the motor 
(winding and contact not shown in Fig. 48), which causes a 
momentary current to flow in this winding, thereby bringing 
the mechanism parts to rest. The semaphore arm is retained 
in this position by current flowing through the retaining fields 
of the motor, as previously explained. 

Semi-Automatic Signal Control 

When it is desired to have the signal controlled semi-auto- 
matically, the operation differs from that described above 
in that the first forty degree movement of the mechanism 
from the normal position does not affect the position of the 
signal arm, but puts under tension a set of coil springs which 
are strong enougn to rotate the motor on the return movement 
with sufficient speed to generate the current for energizing 
the indication magnet on the lever. This preliminary move- 
ment of the mechanism is always under the control of the 
operating lever irrespective of whether the track circuit is 
occupied or not, the receipt of the indication therefore not 
requiring the restoration or the lever to the normal position 
simultaneous with the entrance of a train into the controlling 
track section. Any movement of the mechanism beyond this 
point, however, is dependent upon the track circuit being 
unoccupied. 

Referring to the circuit for the two position semi-auto- 
matic signal as shown in Fig. 49, it will be seen that upon 
reversal of the controlling lever current is taken from the 
positive buss bar through the lever contacts, the control 
wire, the signal motor operating field and armature and thence 
to common. This causes the operation of the mechanism 
through its preliminary forty degree movement to the 
zero degree position, at which point the mechanism will 
be held against the tension of the coil springs, in the event 
of the track circuit being occupied; this is accomplished by 
circuit breaker contact Bj^ opening and Ai closing which 
connects the holding fields m series with the operating fields 
and armature of the signal motor. Should the track circuit 
be unoccupied, the mechanism wiW not, stop at this point but 
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time as its lever may be reversed ; the control is so arranged that 
a second clearing of the signal arm can be secured only after the 
mechanism has oeen returned to its minus forty (—40) degree 
position. When the lever is restored normal, energy is cut off 
from the motor and the mechanism, due to the tension of 
the coil springs, is driven to its minus forty (—40) degree 
position ; juat before reaching this position circuit breaker 




N. Y. C.& H.R. R. R. 



contact Bi closes, thus connecting the motor e __ 

operating field in their original closed circuit in which is 
included the indication magnet. Due to the momentum of 
the motor armature acquired during this movement, the motor 
(now a generator) builds up the momentary dynamic current 
necessary to enei^ze the mdication magnet and release the 
lever, thereby permitting it to be restored to its full normal 
position. 
Should the controllinK lever be placed normal before the 
entrance of & train into tne contTo\\\n6tracViaes;tiQn,the signal 
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arm and mechanism returns to the zero degree or stop 
position, and the mechanism continues its rotation to the 
minus forty ( —40) degree position due to the action ot the 
indication springs; when within a few degrees of the end of its 
travel, the oynamic indication for the release ot the controlling 
lever is generated as described above. 



1 


T* 


■^ . ti 


^ci^ 



It will be seen that the operation of the signal n 

proper, from the time the signal blade begins its l.._ _ 

toward the proceed position until its return to the stop posi- 
tion, is the same as that of the non-automatic signal, the 
indication springs being in no way depended upon to oring the 
signal arm to the stojj position. This same statement applies 
also to three position operation of tVife sfe-n\va.\aiOTKi."os. 
roeehanism. 
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Model 2A Non-Automatic Signal Mechanism 

The non-automatic signal mechanism (Fig. 52) consists 
essentially of three main parts, the motor, a train of gears 
and the circuit breaker. These are all housed in a weather 
proof case, which is provided with doors to give convenient 
access to all parts. 

When the mechanism is used for the operation of high 
signals, it is fastened to a clamp bearing (Fig. 54) which 
carries the semaphore shaft S, the design of this bearine 
permitting the mechanism to be supported at any desired 
height on the signal mast and at any angle to the track. The 
betmng is equipped with a spring stop #, which besides acting 
as a buffer permits the close adjustment of the signal blade in 
its stop position. A universal coupling L,, L„ L3 introduced 
between the driving shaft J and semaphore shaft S, lends 
itself to a simple means of locking the signal arm in the stop 
position in such a way as to prevent improper operation of 
the signal by any outside agency. 

When the signal mechanism is to be used for the operation 
of a dwarf signal, it is bolted to a stand (Fig. 55) carrying 
the spectacle shaft T and provided with springs Ui ana Uj 
which are for the purpose of giving sufficient returning torcjue 
to the dwarf signal arm to cause it to assume the stop position 
when the current holding it at proceed is cut off. This is 
necessary since the dwarf signal arm cannot be readily designed 
to have sufficient weight so that gravity can be depended upon 
for returning it to the stop position. The complete dwarf 
mechanism takes up but little room which permits it to be 
installed where clearances are limited, as is illustrated by 
Fig. 202. 

The motor A used in the signal mechanism is of the four 
pole type, two of these poles being modified in such a man- 
ner as to permit the motor armature to constitute the means for 
holding the signal arm in the proceed positions. This modified 
design consists of serrating the surfaces of these two poles, 
so that when the holding field windings are energized, a dense 
magnetic flux will flow across the air gap between the pole 
pieces and the motor armature in such a manner as to pre- 
vent rotation of the armature, and, consequently, movement 
of the signal blade. Owing to the high resistance of these 
windings the amount of current used for the purpose is re- 
duced to a minimum. The "snubbing" winding previously 
referred to is entirely independent from the operating wind- 
ings of the motor, its function being to check the speed of the 
motor when it is desired to hold the signal arm in the forty- 
five decree position. 

A friction clutch is introduced between the motor A and 
its driving pinion C to insure that no undue strain whatsoever 
will be transmitted to the mechanism gearing. 

The gearing is designed with heavy tee^S. ^TA^axsyi qSsm 
anceer as shown by Fig. 53, this \a.U.eT \Tv^>rcvw?, "CcaX, "^ 
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mechanisms will run freely in either direction and that no 
ordinary obstructions such as dirt, cinders, waste, etc., will 
interfere with its movement; only five foot pounds at the 
semaphore shaft are required to run the mechanism back to 
its normal position. 




Fio. 53. Diagram Illustrating Gkaring Clearance 

IN Model 2A Signal Mechanism 

Scale, full size. 

The circuit breaker B is a complete unit operated from the 

main driving shaft J by means of the segmental gears Kj 

and Kg. It consists of a frame carrying contact fingers and 

a revolving commutator on which are mounted contact seg- 

ments as required. The circuit breaker bas a. maximum 
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capacity of fourteen circuits, such contacts as are used to 
control operating and indicating circuits being arrang;ed to 
be quick acting, "snapping" over from one position to the 
other at the proper preaetermined time. Each contact linger 
is provided with convenient means of adjustment, and tiy 
means of a locking finger is positively protected ^ain acci- 
dental displacement. 



,-- -^^ 





GENERAL RAILWAY S 




Tht 



MoDBL 2A Sbmi-Automatic Signal Mechanism 
semi-automatic signal mechanism (Fig. 56) consists 



a train of gears and circuit breaker, with the addition, however, 
of the sprmg attachment which is used to produce rotation of 
the motor armature for indication purposes after the ^gnal 
arm has reached the stop portion. These parts are enclosed 
in a weather proof case similar in construction to that used for 




the non-automatic signal, the design permitting the mechanism 
3 be fastened to a clamp bearing for mounting on high signal 






nth a stand for operation s 



The motor, train of gears and circuit breaker are essentially 
the same as those described above, it being therefore only 
necessary to touch upon the design of the indication spring 
attachment and the universal coupling, these being the only 
points in which this signal is radically different from the non- 
automatic previously described. 

The initial free movement of the mechanism is accomplished 
by having one shoulder of the coupling L, so cut away that 
a forty degree rotation of the driving shaft J ia ii«L«asOT^ 
beforeit will engage with the Bemaphotea\va,lt 5i,\MiaTO.tiN«»H«, 
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as previously mentioned putting under tension the pair of coil 
spnngs Ni and Ng. 

Fig. 58 shows diagramatically this spring attachment and the 
manner in which the springs Nj and Ng are put under tension ; 
it will be noted that the two coil springs are connected to the 
driving shaft J by means of an equalizer O and a curved link 



„. Lost mo+ion be+neen 
Ov ^ 5ec+or H <and 5pec-h5cle 

Sector operdf+Ted by mo+or 
through trdin of gears. 






Fio. 58. Diagram Showing Operation of Spring Attachment used 
IN Model 2A Sbmi-Automatic Signal Mechanism 



M, one end of which is fastened to the main sector H on 
the driving shaft J. As is cleariy illustrated by the various 
positions of the device the design is such that the springs do 
not exert any torque on the mechanism after the blade has 
moved a few degrees from the stop position; therefore it is 
plain that the springs are in no way depended upon for the 
restoration of the blade to the normal position. 



SOLENOID DWARF SIGNAL MECHANISMS 

SOLENOID dwarf aignaU used in the G. R. S. ayatero are 
designed to operate in two positions, upper or lower 
quadrant, with a forty-five, sixty or ninety degree travel 
of the arm. Two sets of magnet windings are provided, 
which consist of operating coils of low resistance and holding 
coils of high resistance. The movement of the solenoid 
magnet plungers is transmitted by means of suitable con- 
nection to the dwarf spectacle. 



Fio. SB. .MuDEL L' Solenoid IJwar? Siqnai, 

Dwarf Signal Conteol 

Each of these mechanisms requires for its operation a con- 
trol wire, and since it is impracticable to secure a dynamic 
indication from a signal of the solenoid type, an additional 
wire is required for mdication purposes. The circuit is con- 
nected to main common either at the dwarf location or 
through contacts on switch circuit controllers when required. 

Upon reversal of the controlling lever (Fig. 60}, current is 
taken from the positive buss bar through the lever contacts, 
the control wire, and the solenoid operating coils A, and A, 
to common. This causes movement of the signal arm from the 
stop to the proceed position. As the arm reaches the pro- 
ceed position, the circuit breaker crnvtast G o^«t».. -stivJ^ 
'a tie high resistance hoMm^ cdia'^v'^'^^^-'''''^ ^^'*' 
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which, in addition to supporting the mechanism, is desJEned 
to carry the dwarf spectacle shaft. A hinged cover on the 
topof the case gives convenient access to the mechanism. 

The movement of the yoke F connecting the solenoid plung- 
es El and Ej, is transmitted through the medium of the rack 
G and pinion H to the crank J, and thence by means of the 
connecting rod (not shown) to the dwarf spectacle shaft. 
• When in the stop position the signal arm cannot be moved 
by any outside agency, due to the crank J being "on center" 
at that point. 




A x—A , Operalii 

B,-Bi Holding 

C OperalinK Coi 

D Indicatins Contact 

B,-B, Solenoid Plungers 



The circuits for the control of the mechanism are broken 
throi^h pairs of springs which make contact at the proper 
time with metal pieces, fastened to a commutator mounted 
w)on the same shaft as the pinion H. The operating contact 
C is designed to hold its circuit closed throughout tne move- 
ment until the blade has assumed the proceed position. The 
Indicating contact D is closed only vjhfti\ tha 'iVi.Aa Sa "-.tx '^»». 
lAap position. 
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Model 3 Dwarp Signal Mechanism 
The Mode] 3 dwarf signal mechanism (Fig. 63} consists o[ 
the solenoid magnets and an operatine rod which is directly 
connected to the dwarf spectacle shaft. This mechanism is 
mounted in a case which la des^ned to carry the dwarf spec- 
tacle shaft and is provided with a sliding cover to permit 
ready access to the operating parts. 

The operation of the mechanism is similar in principle to 
that of the Model 2 dwarf except that the movement of the 




Fia. S2. Model 3 Solenoid D' 



m^net plungers E, and Ej is transmitted directly to the 
spectacle shaft through the operating rod G, a roller H on the 
operating rod working in an escapement crank (not shown) 
on the semaphore shaft. The des^n is such that when the 
signal is in its normal position, the arm is locked against 
movement from the outside. 

The overall dimensions of the mgnal are such as to allow its 
location where the available clearances will not permit the 
use of the Model 2 dwarf signal. 

The circuit breaker contacts consist of pairs of springs 
which are bridged by contact rollers, actuated by the oper- 
ating rod G. In the case of the indicating contact D and 
spare contact J, the contact rollers are fastened to and 
move with the operating rod, the design causins t'ne towtasts 
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E,-E, So'lemidlluneeni 



ried by an arm, which ia raised by eng^ement with a collar 
on the operating rod, when the dwarf spectacle has assumed 
the proceed position. 
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CROSS PROTECTION APPARATUS 

Principles of G. R. S. Cross Protection 

THE G. R. S. cross protection system prevents the unau- 
thorized movement of any switch, signal, or other func- 
tion, in the event of current being improperly applied to 
its circuit, by the cutting off all energy from the function. 

As briefly outlined in the pages on the "G. R. S. Electric 
Interlocking System," it has been seen that all functions 
while at rest are normally on a closed circuit of low resistance; 
that inserted in each of these circuits and located on the ter- 
minal board of the interlocking machine, is a polarized relay 
of very low resistance connected in such a manner that all 
currents, caused to flow through the circuit by the manipu- 



CiRcoiT BriakcrA 



110 VOLT 
BATTtRY 




ENtRGizco Control Hire 



^ 



PoLARtzto Relay 



X 



AJ 




fuNCTIOTi AT RCST-^ 

Function &cimg OPERATED 

Fig. G."). Simplified Circuit Showing tiik PiuxcirLKS of the 
G. 11. S. Cross Protection System 

All functions when at rest are on closed circuit as shown by function C. 
All normal currents will flow through the polarized relay B in the direction 
indicated by the heavy arrows, but all currents due to a cross in the oppo- 
site direction as indicated by the dotted arrows. Hence current supplied 
through a cross X will open polarized relay B, which will cause circuit 
breaker A to open and thus cut current off the system. 



lation of the lever, must pass through the relay in a direction 
to maintain its contact closed, while all currents which may 
be applied through any other channel must pass through this 
relay in a direction to cause it to open its contact; and that 
this operation breaks the control circuit of the cross protec- 
tion circuit breaker, causing it to open and cut power off that 
section of the system affected, thereby preventing the unauthoi^ 
ized movement of the function. The principles involved will be 
made evident by reference to Fig. 65, from which circuit has 
been eliminated all detail connections, contacts, etc., only 
such parts being shown as are essential to the explanation. 

In Fig. 64 there is shown in full cireuvt. dfe\a5^ "ai^^ 'w^'jsx^a^y^ 
and contacts pertaining to a smtcYv. iuxvoXXoxv, ^ ^\^g^^^xi5^siC^ss^> 



90 GENERAL RAILWAY SIGNAL COMPANY 




ELECTRIC INTERLOCKING HANDBOOK 91 



and the system of cross protection. By tracing out these 
circuits it will be found tliit the circuit conditions as shown 
in Fig. 65 exist and afford the protection claimed. 

Operation of the Cross Protection Circuit Breaker 

The circuit breaker construction and its manipulation are 
clearly illustrated by Fig. 66, the position in Fig. 66C cor- 
responding with that of the circuit breaker in Fig. 64. The 
various parts of the circuit breaker which make contact with 
each other are indicated by similar letters. 

It has been shown that current applied from an unauthor- 
ized source to the circuit of a function at rest, causes the 
polarized relay in that function's circuit to open its contact 
and interrupt the circuit through the retaining magnet of the 
cross protection circuit breaker. When this occurs the cir- 
cuit breaker armature is released and the Z contacts are 
opened, the armature falling to such a position (Fig. 66A) 
that it cannot be drawn up against the pole pieces by the 
magnetic pull which will be exerted when the retaining magnet 
is again energized through the restoration of the polarized 
relay armature. To inform the leverman that the circuit 
breaker is open, a red lamp is lighted by the closing of the Y 
contacts. 

With the circuit breaker open as in Fig. 66A, the positive 
and negative feeder wires between the battery and the inter- 
locking system are opened at the Z contacts, therefore the 
cross can have no effect. The polarized relay which had its 
armature reversed will identify the function affected and, upon 
the cause of the trouble being removed, the armature of this 
polarized relay will remain in its normal position, when re- 
placed by the operator. This will cause the retaining magnet 
of the cross protection circuit breaker to be energized, and, 
by raising the restoring handle to the position shown in Fig. 
66B the circuit breaker armature is restored to its operating 
position where it will be retained by the circuit breaker magnet. 
This action closes the Z contacts, but at the same time opens 
the X contacts, through which contacts are also broken the 
positive and negative feeder wires, this preventing the appli- 
cation of current to all functions controlled by the circuit 
breaker until the restoring handle is returned to its normal 
position. The red light is extinguished when the circuit 
breaker armature is restored. 

Figs. 24 and 25 illustrate a typical operating switchboard, 
one view showing the cross protection circuit breaker exposed 
and the other with its cover in place. It will be noted that 
the only portion of the circuit breaker which is accessible to 
the leverman is the restoring handle projecting from the slot 
at the bottom of the cover. A shield attached to this handle 
closes this slot when the handle is in the normal position, 
thereby protecting the internal parts a^a.vast To.^xcc5$^&a^C^^^\^ 
any way except by means oi \)(ie Te&\.csrewi» \a.^^^« e*^^ 
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explained above, so long as the handle is held in a position to 
interfere with the release of the contacts normally retained by 
the magnet (Fig. 66B), energy is withheld from all functions 
under the control of the circuit breaker. These features make 
the cross protection system fully effective at all times, even 
though force of circumstances may require its being temporarily 
under the charge of unskilled employees. 

When it is desired to retain such signals in the proceed 
position as may be occupying that position when the circuit 
oreaker opens, resistance units R and Ri (shown dotted in Fig. 
64) are connected so as to bridge the X and Z contacts, these 
units permitting the flow of an amount of current sufficient to 
hold a limited number of signals at proceed. Their resistance 
is so high, however, that the mechanism requiring the least 




Fig. 67. Polarizkd Relay 

ciurent for its operation cannot be put in motion if energy 
should be applied to its circuit when the circuit breaker is open. 
The resistance units are shown in position on the operating 
switchboard in Fig. 24. 

The Polarized Relays 

The polarized relay inserted in the indication circuit of 
each of the operated functions, and mounted on the terminal 
board of the mterlocking machine, is shown in Fig. 67. The 
windings are so designed that the armature of the relay for 
a switch, signal, etc., will reverse on about one-half the current 
required to just move that function of the same type which 
requires the least current for its operation. From this it will 
be seen that the windings of the polarized relays used with 
different types of functions have different resistances. 

On the switchboard there is shown in Fig. 24 a polarized 
relay similar to those mounted on the interlocking machine, 
the position of this relay in the circuit (Fig. 64) being indi- 
cated by the letter "A." This Te\a.y ^aa.T^^ ^'^M^st crosses 
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between the buss bars on the interlocking machine, such as 
might be accidently caused by the maintainer's tools when 
he is working about the machine. From the position of the 
relay in the circuit, it will be seen that any current reaching 
the indication buss bar through such a cross will flow in the 
direction opposite to that of the indication currents, this 
causing the relav to reverse its contact in the same manner as 
the polarized relays previously described. Since the relay on 
the switchboard is common to all circuits, its winding is 
designed to render it much less sensitive than those on the 
interlocking machine. 

Safeguards 

To show that the system in addition to being extremely 
simple, is also fully safeguarded, the following points are 
mentioned : 

First — The closed circuit principle is employed for all 
parts of the cross protection system. 

Second — All contacts or connections depended upon for 
protection against crosses are also used in operation and, 
hence, are checked as to their integrity every time a complete 
operation of a function is made. 

Third — The polarized relay contact, in addition to opening 
on a reversed direction of current, will also open upon loss of 
magnetism in the permanent magnet of the relay. 

Fourth — An open circuit in the polarized relay prevents 
indication. 

Sectionalizing of Plants 

In connection with a comparatively simple track layout, it 
is common practice to install only one cross protection circuit 
breaker, which prevents the movement of all functions during 
such time as it may be open. At busy plants having a large 
number of routes which can be used simultaneously, it may be 
considered undesirable to have the whole plant affected by 
derangement at a single point, in which case the plant may 
be divided into sections, the functions in each section being 
controlled through separate circuit breakers. This permits 
uninterrupted operation of traffic through the sections not 
directly affected. 

In addition to the cross protection circuit breakers required, 
it is necessary to install switchboard polarized relays and also 
common return wires for each section in the interlocking plant. 
The positive buss bar and indication buss bar must be divided 
to correspond with the sectional division of the functions. It 
is essential that there be no connections between the various 
buss bars or the common return wires, except where they 
join the energy mains from the battery, under the protection 
of their respective cross protection circuit breakers. 

There may be certain situations where conditions will 
warrant the additional expense of eTcv'^\ciy«^5^^s^^is^^^ ^sx^cs^ 
protection circuit breakers tor ea.c\i smwcv ^xA ^52y.OcL se^^cpos^ ^ss- 
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signals. This would mean that a cross applied to a given 
switch, for example, would merely make that particular func- 
tion inoperative without interfering with any of the other 
functions. The use of individual cross protection circuit 
breakers requires the running of a separate return wire for 
each of the functions or groups of functions concerned, and 
dispenses with the main common previously mentioned. 

The device (Fig. 68) employed for this purpose consists of 
a modified form of the regular polarized rehy, provided with 
suitable contacts and a restoring handle. The contact pres- 
sure is increased over that of the regular polarized relay, at the 
same time retaining the relay's sensitiveness to reverse currents, 
the contacts are heavier in design, and the iron in the magnet 
is so distributed that a powerful magnetic blowout is obtamed 
which effectually extinguishes any arc resulting from currents 
flowing through the contacts at the time of their opening. 
The principles involved in the making and breaking of the 
circuits, and in the restoration of the relay armature to the 
operating position after having been reversed, are similar to 
those of the cross protection circuit breaker previously de- 
scribed. The device, as installed, is enclosed in a sealed case 
(Fig. 69) to prevent any improper manipulation of the 
circuit breaker parts. 

This protective apparatus is mounted on the terminal board 
of the interlocking machine, occupjring the same space as the 
regular polarized relay. The device, which is exceedingly 
simple in construction, is in no way subjected to weather con- 
ditions and is much more accessible than if located in the 
field at the various switches and signals, as is the ordinary 
practice with some systems employing individual cross pro- 
tection. 

Tests for Cross Protection 

It has previously been stated that all contacts and connec- 
tions depended upon for cross protection are under a constant 
automatic check during the regular operation of the different 
functions; therefore tests on the cross protection system are 
in no way requisite in the same sense that tests are necessary 
on switch points, to determine with what maximum opening 
the switch points can be locked. It is considered, however, 
that the satisfaction of having a working demonstration of 
the existence of the cross protection more than repays the 
slight trouble involved in making it one of the points to be 
checked up, on the regular inspection trip. 

The time chosen for conducting such a test should be when 
the voltage on the system is at the highest point attained in 
service. This will be when the interlocking battery is being 
charged, at which time the current will run up above 140 
volts. 

The tests on the various switch functions may be secured 
by making a connection between the normal and reverse operat- 
ing wires on the pole changer. 
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In testing signals, the necessary energy may be obtained at 
the nearest switch mechanism, since one of the switch control 
wires is always connected to battery positive (Fig. 64). The 
test should be made by connecting energy onto the signal 
control wire as near as possible to the signal motor, and if the 
signal circuit is connected to the common return wire through 
one or more switch circuit controllers, the energy should be 
applied to this wire, care being taken to first open the connec- 
tion to the main common wire. Failure to open this connec- 
tion to common in all probability will result in blowing a fuse 
in the switch circuit from which the energy is being taken for 
the test, since under these conditions a short circuit to the 
common return wire is created. 

Where the pjlant has been sectionalized, one or two functions 
in a given section should be crossed up with wires taking energy 
from each of the other sections. In case the functions in the 
various sections are widely separated, these crosses may be 
made between the binding posts in the terminal board of the 
interlocking machine, to avoid running a conductor long dis- 
tances over ground. This test will insure that the proper 
division of the functions was made at the time of installation, 
and that no undesirable connections have since been made. 

For the first test after an interlocking system has been 
installed it may be well to connect an adjustable resistance in 
the wires used in making the crosses, starting with the resist- 
ance all in and graduafly cutting it down until the circuit 
breaker opens. For the periodical tests which some railway 
companies carry out this resistance is generally considered 
unnecessary. 
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Fig. 72, Model 3 Fobm D S 
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MODEL 5 FORM A SWITCH CIRCUIT CONTROLLER 
The Model 5 Form A switch circuit controller arranged for 
selecting signal circuits is shown by Figs. 73, 74 and 75, The 
operation of the contacts, which are forced open and forced 
closed, is effected through a cam movement, which causes 
all wear to come on heavy iron parts and not on the contacts. 
The contacts may be adjusted in pairs to make normal or 
reverse contact as required. One pair is adjusted by 
means of the screw jaw on the connecting rod and the other 
pair by means of the cam (Fig. 187), the parts after adjust- 
ment being positively locked against working loose. The 
contacts and binding posts are mounted on a vertical panel 
which gives convenient access to the binding posts when 
"connecting up" and permits ready inspection of the contacts. 




The case is provided with main and supplementary covers 
as shown by Fig. 74, the latter protecting the contacts from 
frost and condensation at all times, and when the main cover 
is open, from rain. The trunking cap and operating crank 
may be applied to either side of the circuit controller aa proves 
most convenient in installation. 

THREE POSITION D. C. MOTOR RELAY 
The Three Position D. C. Motor relay is especially designed 
for wireless control automatic block signaling, but is readily 
adapted for use with three position polarized line circuits, 
Tne operating mechanism consists of a small direct current 
motor having powerful permanent magnet fields with ample 
air gap between the armature and pole pieces. The contacts 
s/w moved from the de-energized poaitiou to either of the 
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Flo. 75. MoDF.L 5 Form A Switch Cibcuit Co 
Signal Cibcdits— Main Cove 
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energized poBitiong by the rotary motion of the motor armature, 
the movement of which is transmitted to the contacts by 
suitable Unit connections. The closing of one or the other 
Bets of contacts is accomplished by a partial rotation of the 
armature, the direction being dependent on the polarity of 
the operating current. 

The contacts have the same opening and pressure, and are 
mmilar in design to those used in the regular Model 9 D. C. 
rday. The maximum equipment of contacts in the four way 
relay, shown in Fig. 76, is four normal and four reverse, 
with four contacting fingers. It ia to be noted that when 
used in connection with wireless dgnaling on polarized track 
work, the s^nal control ia broken through one set of con- 




tacts only, while in the polar-neutral relay the control must 
be broken through both polar and neutral contacts. This 
same holds true for the track control, which, owii^ to 
the decreased resistance of the contacts introduced into the 
circuit, means that cut-sections can be employed to as great 
an extent in polarized track circuit work, through the use of 
this relay, as in the case of neutral track circuits employing 
the ordinary two position relay. 

The relay has several other important features which should 
be noted. The design is such that the chance of having the 
polarity reversed by a large flush of current or by Hghtnmg is 
so remote as to be negligible. The relay is not subject to 
residual magnetism troubles in any way, as its operation 
depends on current only, and not on electro-magnetic traction. 
This being the case, the drop away (50 per cent, of the normal 
pick up) cannot change with time, Mid otice fixed, always 
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remains the same. The overall dimensions are such as to 
permit ita installation in the space required by a D. C. tractive 
type relay having the same contacting capacity. 



TRACTIVE TYPE D. C. RELAYS 
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TRACK DIAGRAMS AND MANIPULATION CHARTS 
To facilitate the manipulation of the levers of the inter- 
locking machine, it ia customary to mount within full view of 
the leverman a diagram of the track layout showing the rela- 
tive location of all interlocked Bwitch a.nd signal functions, 
also a chart listing the various routes through the plant and 
the order in which the levers are to be moved in setting up 
each of these routes. By referring to the chart, the leverman 
is guided in manipulating the levers in the sequence imposed 
by the mechanical locking between levers, thus aiding him 
greatly in the handling of the traffic passing through the plant. 




The track diagram and manipulation chart are usually com- 
bined in one plan and mounted in a single frame, unless their 
combined size is prohibitively large, in which ease they are 
framed separately. 

INDICATORS 

For a long time it has been customary to give to the lever- 
man an indication of the trains approaching the interlocking 
plant; with the advent of route locking and the semi-auto- 
matic control of signals, and the consei^uent general use of 
track circuits within the interlocking 1™**, ftwa tjto^\<l*^^™ 
been extended to indicating at ttie \iA«t\wil«Mv^ ■sia.^vs^. "ws- 
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condition of all the track sections within the plant. This 
supplements the infomiation given by the track diagram and 
manipulation chart, and adds considerably to the facility 
with which the traffic is handled. 

The approach sections are usually repeated by disc indicators 
and the different track sections between the home signal 
limits by semaphore indicators. These are generally located 
on the wall of the operating room near the track diagram, 
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being mounted either separately with individual covers or on 
a common frame with a single cover. The indicators, as shown 
by FigH. 81 and 82, may be equipped with contacts and thus 
perform the functions of a relay in addition to those of a 
repeater. 

ILLUMINATED TRACK DIAGRAMS 
A method of indicating the occupancy or non-occupancy 
of the various track sections, rather more elaborate than by 
the use of repeating indicators, is through the emjilojTnent of 
the illuminated track diagram. This type of indicator is 
of great assistance on eirtremely busY V*-'^^^ -MV-a.^ '"S- '>.■!. 
necessary to know when & t-ra.\\i \wka cX'sa.-ce.i ew^rv -^<*»a- «< 
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SECTION III 



G. R. S. ALTERNATING CURRENT 

APPLIANCES 



DESCIIIBIXG A. C. RELAYS AND THEIR 
USE IN INTERLOCKING WORK; ALSO 
SINGLE AND DOUBLE RAIL A. C. 
TRACK CIRCl'ITS, AND TRANSFORMERS 



ALTERNATING CURRENT RELAYS 

THE following pages have been written with the object of 
acquainting those interested in this type of apparatus 
with the principal characteristics and proper application 
of the various alternating current relays manufactured by the 
General Railway Signal Company. 

Points to be Considered in Selecting an Alternating 

Current Relay 

In selecting any alternating current relay for a given purpose, 
the following should be taken into consideration : 

First — Is the device to be used as a track relay or a line relay ? 

If it is to be employed as a track relay, in all proba- 
bility it will be exposed to the influence of traction or foreign 
currents, and must, therefore, be of such design that it will not 
respond to currents other than that intended for its operation. 
Fiuthermore, if the track circuits are very long or the ballast 
very bad, or if the relay is to be located a long distance from 
its point of connection to the rails, the relay should necessarily 
require very little energy from the rails in order to avoid cut 
sections or undue energy consumption. On the other hand, 
when the opposite conditions exist, these relays need not be 
so highly efficient and consequently may be smaller and less 
expensive. 

if required for use as a line relay the device will rarely be 
installed where it will be exposed to the influences of foreign 
or traction currents, and when such is the case, can be of 
sinipler, smaller, and less expensive design. 

Second — Is two or three position operation required? 

In this connection it should be noted that the amount of 
line wire can frequently be reduced by the employment of 
relays which have normal, reverse, and de-energized positions. 
To secure the equivalent of this using two position relays it 
may be necessary to install twice as many relays and additional 
line wire. A concrete example of this is the application of 
three position relays to polanzed track circuit work in which 
the caution and clear positions of a signal are given over the 
track rails by reversing the polarity, and without the use of 
line wires at all. 

Third — How many and what kind of contacts is the relay 
to have? 

It frequently happens that as many as ten or twelve 
contacts are required and that these contacts must carry 
at comparatively high voltage a large amount of current; 
in other cases but few contacts and these carrying very 
light currents are necessary. Furthermore, contacts equipped 
with "magnetic blowouts" may be needed to extinguish arcs 
which otherwise would be established in the handling of heavy 
direct currents. These are features which often determma 
the selection of the relay. 
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Fourlh — GeneraUy speaking, the question of whether a 
relay ia to be of high or low eniciency, and whether it would 
pay_ to spend more or less for it, should be decided on the same 
basis that is used in selecting any piece of apparatus, viz: 
having determined the total coat of the device in place, includ- 
ing any necessary auxiliary devices, it ia then proper to esti- 
mate the cost 01 the energy required for its operation, and 
that relay which will answer the purpose and cost the least, 
considering first cost, energyconsumption, maintenance charges, 
interest, and depreciation, should, of course, be the one to use. 

Model 2 Form A Polyphasb Relay 
The Model 2 Form A relay is especially designed for power- 
ful and efficient operation on very long track circuits. As 




jvidencG of this efficiency, it may be pointed out that with 
imum energy consumption it has given perfect operation on 
track circuits of from three to four miles m length, and with 
ballast conditions far from favoring good track circuit operation. 
The relay is operated by a polyphase motor, which consists 
of a non-magnetic rotating shell or "rotor," and fixed inner 
and outer cores, the outer core being the "stator" on which 
the windings are placed. These windings are designed and 
connected so as to produce (with alternating current applied) 
a rotating magnetic field, which in turn will mduce currents in 
the non-magnetic rotor causing it to operate. (Direct currents 
cannot produce this rotary field and, therefore, cannot cause 
operation.) The rotor is ordinarily connected to the con- 
tacts through the medium of a pinion and sector arrangement, 
thereby multiplying the effect of the rotor and permitting the 
operation of a Jarge number o£ contacts with a very small 
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amount of energy applied. Furthermore, as it is possible to 
supply most of the energy to the stator from a local source, 
only a small amount of energy is required from the rails to 
cause the relay to operate. These two points permit the 
operation of very long track circuits without the use of cut 
sections or undue energy consumption. 

The relay is universal in its application, in that it may be 
wound for operation on steam roads, electric roads using 
either A. C. or D. C. jjropulsion, or for operation as a line 
device. Furthermore, it can be adapted for use on any 
frequency current, for two or three position operation, and 
may be made fast or slow acting. 

The contacts are unusually heavy in construction and are 
so designed that any combination of front, back, or front and 
back contacts can be secured, changes being easily made on 
the ground if desired. Special contacts equipped with the 
"magnetic blowout" referred to on page 109 can also be fur- 
nished. The contact housing for the four and six way relays 
accommodate eight and twelve contact fingers, respectively, 
these controlling eight or twelve independent circuits. 

Model 2 Form B Relay 

The Model 2 Form B relay operates on the same general 
principles as the Model 2 Form A, employing the non-mag- 
netic rotor which permits it to operate with the same degree 
of safety and reliability. It is designed primarily to operate 
as a line device but may be used in connection with track 
circuits to a limited extent; for instance, as a track relay for 
short track circuits on steam roads, or for short double rail 
track circuits on roads using direct current for propulsion. 
While the relay's efficiency is approximately but half that of 
the Model 2 Form A it compares well, nevertheless, with other 
A. C. relays on the market. It operates on 25 or 60 cycle 
current, in two or three positions, and can be furnished either 
slow or quick acting. 

The Model 2 Form B relays have about the same overall 
dimensions as a D. C. relay of the same contact capacitor, this 
feature permitting their installation in housings previouslv 
occupied by D. C. relays. The relay is assembled as a shefi 
or wall type device, as a tower indicator or as an interlocking 
relay. The contacts are limited to a maximum of four 
front and two back, or six front and two back, in the four 
and six way relays, respectively. 

Model 3 Form B Relay 

In the Model 3 Form B relay, the same construction is used 
for the housing, contact arrangement, etc., as in the Model 
2 Form B. The actuating movement is essentially the same 
as that of the Model 2 Form B, with the eKce^txopcs. ^!w^i^- ^i^ 
operates in two positions oiiVy au^ \a ^ «ai^^ -^tsakSfe ^^sstns^.^. 
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Due to this feature the rela^ does not require the presence of 
local energy which is sometimes difficult to provide for. The 

relay is equipped with a non-magnetic rotor and is de~ ^ 

primarily for use in connection with sii^le rail track e 
on direct current electric traction roads. 

Model Z Foru B Relay 

The Model Z Form B relay uses the same housing and is 
provided with contacts of the same design and arrangement 
as the Model 2 Form B and Model 3 Form B relays previously 
described. 

The Model Z relays are provided with a bipolar stator, 
with windings on eacn of the poles, and a rotary armature so 



shaped that when current (either direct or alter^atiI^;) is 
applied to the windings, a uniform torque is produced, which 
causes the rotor to operate through about ninety d^rees. 
This movement is transmitted by means of a suitable connec- 
tion to the contacts. 

Being operable on direct current, the rel^ ia adapted for 
line service only. Its exceptionally high efficiency makes it 
preferable for this type of work where direct current does not 
exist on the line and where single phase operation ia dadred. 
The relay operates in two positions only. 
In conclusion, attention ia directed to the comparatively 

few types of relays needed to cover ttie Wi\ w.inj.t "A T^njiiro- 

ments of A. C. signaling. 
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It will be noted by reference to the description which has 
preceded : 

First — That but two general forms of construction are 
employed, viz: the larger, more efficient form (Fig. 86), 
especially adapted for track circuit work, and the small, mod- 
erately efficient form (Fig. 87), especially designed for line 
circuits and short track circuits. 

Second — That but two principles of operation are used, 
namely: the inductive as employea in the Model 2 and Model 3 
relays, and the electro-magnetic as employed in the Model Z 
relays. 

Third — That each form is made in two sizes to accommodate 
more or less contacts as required. 

With these two forms, two principles of operation and 
two sizes of relays, wound and equipped with contacts as may 
be necessary, all the requirements of A. C. signaling can be 
met without resorting to a greater number of types. It will, 
therefore, be seen that the G. R. S. relay construction has 
placed A. C. relays, as regards the diversity of types required, 
on practically the same basis with the relays used in connec- 
tion with D. C. signaling. 



SINGLE RAIL ALTERNATING CURRENT 

TRACK CIRCUITS 

SINGLE rail A. C. track circuits are largely used at inter- 
locking plants in electrified territory. With this type of 
track circuit, insulated joints are placed in one rail only, 
the other rail being used in common by the return propulsion 
current and the signaling current (see Figs. 88 and 89). It 
will be seen that single rail track circuits are used to best ad- 
vantage where there are two or more parallel tracks, in 
that the power or common rail of all these tracks can be bonded 
together, thus preventing interruption of the propulsion current 
return in the event of a break in the power bonding in any one 
of the continuous rails. 

Advantages 

The chief advantage of single rail track circuits as compared 
to the double rail type is in its lesser cost and complication, 
the double rail circuits requiring the installation of impedance 
bonds to provide a continuous return for the propulsion cur- 
rent. As there are usually a number of comparatively short 
track circuits at an interlocking plant, it is seen that the use 
of double rail track circuits with impedance bonds would be 
very expensive. It is furthermore true that at many plants, 
the track arrangement is such that it would be extremely 
difficult to secure space at the bond locations for their installa- 
tion. 

Limitations 

Traction Return. When single rail track circuits are in- 
stalled, both rails cannot be retained for traction purposes, as 
noted above. If the giving up of one rail leaves insufficient 
return for the propulsion current, the use of single rail track 
circuits is barred and double rail track circuits would probably 
have to be employed. 

Broken Rail Protection. Single rail track circuits do not 
give broken rail protection due to the cross bonding required 
for traction purposes, which provides a number of return 

Saths through the rails of other tracks for the signaling current. 
>n this account the use of single rail track circuits should be 
restricted to slow speed tracks, such for example as in terminals, 
or to siding tracks. 

Length. The permissible length of single rail track circuits 
is limited either by ballast conditions, by the traction drop in 
the return rail between the points of connection of the trans- 
former and the track relay to the common rail, or by the com- 
bination of ballast and drop. The Model 2 Form A relay as 
ordinarily constructed is capable of carrying 10 amperes direct 
current through its track winding without overheating or 
being caused to open. 
The drop in the common rail has the effect of sending direct 
current from the common rail throug)ci t\ve\x^.Tv"&loTm^^ ,^}ra^^'?^^^ 
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the signaling rail, the track winding of relay and back to the 
common rail, this effect being maximum when a train is on 
the transformer end of the track circuit, thereby cutting out 
the transformer resistance and allowing the full drop to be 
effective through the signaling rail and relay in series. 

In view of the fact that the common return rail has a neg- 
ligible resistance, there are times when it can be assumed that 
aU of this drop is effective across the relay, and to prevent a 
prohibitive amount of direct current from flowing through 
the relay, under ordinary conditions a limiting resistance is 
added in series with the relay. 

If however the track circuit is long or the ballast bad, the 
traction drop will in all probability be excessive, thereby 
requiring that the limiting resistance be high, which in turn 
necessitates that a correspondingly high A. C. voltage be 
impressed across the rails at the relay location in order to 
secure operation; this A. C. voltage is limited since as the 
voltage is increased the current leakage between the rails 
throughout the length of the track circuit increases very 
rapidly. To take care of such a condition an impedance hav- 
ing low ohmic resistance to direct current, but high resistance 
to alternating ciurent, may be shunted across the relay ter- 
minals, this permitting a large amount of direct current 
to flow through the relay and impedance combined with- 
out causing more than 10 amperes direct current to flow 
through the relay; a unit of low resistance is still required, 
being connected in series with the relay and impedance, this 
resistance necessarily being in the nature of a grid since it 
has to carry a comparatively large amount of direct current. 
With this arrangement the transformer should be designed to 
stand a large amount of direct current through its secondary 
winding without having its A. C. voltage seriously affected. 

Under the conditions ordinarily found in terminals or where it 
is permissible to use single rail track circuits, it will be found that 
the use of a resistance in series with the relay is adequate to se- 
cure proper operation, it being necessary only in rare cases to em- 
ploy the impedance shunted around the terminals of the relay as 
above described. 

Energy Required 

The energy required for the operation of single rail track 
circuits depends upon the amount of traction drop in the com- 
mon rail and upon the ballast conditions. In an interlocking 
plant where the track circuits may average 500 feet in length, 
the energy per track circuit, employing the Model 2 Form A 
track relay, should not exceed the figures given below: 

Total Energy Required for Track 
Circuit and Relay Local 

25 cycle current, 30 vol! amperes 25 watts 

60 cycle current, 40 volt amperes 30 watts 

Note.— The Model 2 Form A. track teVa.^ , cvviveV ^tVvcv?, ^wi^ ^^^'^'^^n^ 
stand 10 amperes direct current, Yias a xeavataxLCfe o^. ^o>^^. «v^«i-waxv vi 
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Types of Single Rail Track Circuits 

In the past the common practice when installing single 
rail A. C. track circuits has been to locate the track trans- 
former at one end of the track circuit and the relay with its 
housing and auxiliary apparatus at the other end; this re- 
(^uires that the relay must be repeated into the interlocking sta- 
tion to operate other relays or indicators. A simplified dia- 
gram of such a circuit is illustrated by Fig. 88. 

In sharp contrast with this is shown in Fig. 89, the method 
which can be used when a high efficiency polyphase relay such 
as the Model 2 Form A is employed. By feeding the track 
circuit from a central source and extending the relay leads 
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Fig. 88. Sinolk Rail A. C. Track Circuit 
Track relay and transformer located at track circuit. 



from the track circuit into the station, the amount of apparatus 
can be cut down, maintenance costs reduced to a minimum, 
and certain safety features, not obtainable in the other arrange- 
ment, secured. 

It will be noted that in the central energy scheme, the 
vital parts of the track circuit are located in the station directly 
under the eye of the maintainer which permits adjustments to 
be made under the most favorable conditions. Due to the 
simplicity and accessibility of this type of track circuit, main- 
tenance IS reduced to a minimum. 

A considerable amount of apparatus is saved by this kind of 

an installation, since secondary relays with their track boxes, 

additional wiring and fusing, are not required : furthermore, 

the numerous track transformers wYAcVv o\)ci^er«\sfe ^q>3JA Va^^ 
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to be distributed from one end of the interiocking plant to 
the other are eliminated due to the circuits being fed from one 
central point. The resistance of the leads from the track 
circuit to the relay and transformer, constitute a part of the 
limiting resistance required in series with these pieces of ap- 
paratus. 

A safety featiu-e obtainable in the central energy scheme 
which cannot be overlooked is in the protection against crosses. 
It will be noted by reference to Fig. 88 that a cross at X will 
cause false operation of the repeating relay in the station, 
whereas a similar cross in Fig. 89 prevents, as it should, 
operation of the relay. Every step toward simplicity is a 
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Fig. 89. Single Rail A. C. Track Circuit 
Central energy scheme. 



step towards safety and this central ener^ control is the 
last word in simplicity as regards track circuits. 

The high efficiency of the Model 2 Form A relay especially 
adapts it for this kind of work, the relay requiring but a small 
amount of current from the rails, while a comparatively large 
amount is supplied at the station for the local phase of the relay. 
The relay may be equipped with an indicator blade and 
located in plain sight of the leverman, thus dispensing with the 
necessity of repeating indicators which might otherwise be 
required for this purpose. 

Typical Installation of the Central Energy Scheme 

Fig. 90, which is typical of a large G. R. S. installatioTL^ 
illustrates the extension of the pTmc\v\fe ci\ ^\^. "^^ Ns^'^k "^^^^ 
complete wiring required in coivivecWoTL V\^i>cv^i^K^a^:T^<^ ci^Nx^^i^*- 
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circuit work. It also indicates the control between the inter- 
locking machine and the switch and signal functions in the 
given section of track, and shows the method of controlling 
the switch lever locks and track indicators through the track 
relay. 

The track relays and transformers are shown located in the 
station, the latter being installed in duplicate to prevent any 
interruption of service should anything happen to one of 
the transformers. It will be noted tlmt the transformers, 
besides feeding the track circuits, are used to furnish energy 
for the signal lighting and the operation of all A. C. appa- 
ratus. The track winding of these transformers is brought to 
a buss bar on the distributing switchboard, the individual 
leads of the various track circuits being connected to this buss. 
It is general practice where the track circuits vary sufficiently, 
or where any of them are located far enough from the station 
to require much more voltage than the others, to provide the 
track winding of the transformer with a number of taps which 
are carried to different buss bars, the individual leads of the 
different track circuits being taken from one buss or the 
other as required. 



IMPEDANCE BONDS FOR DOUBLE RAIL 

ALTERNATING CURRENT TRACK 

CIRCUITS 

WHEN it ia desired to install A. C. track circuits and 
both rails must be retained for propulsion purposes, 
double rail track circuits, such as are shown by the 
typical circuit. Fig. 238, must be employed. It will be noted 
that the track is divided j, -- - **- 



of varying length by 




means of insulated rail joints. Impedance bonds are installed 
at such locations for the purpose of providing around the joints 
a low resistance path for the return D. C. propulsion current, 
while not permitti^ the passage of the A. C. signaling current. 
The bonds consist of a few turns of heavy copper wound 
about, but insulated from, a laminated iron core, the con- 
nections to the rails being so made that the traction current 
has no m^netic effect on the bond, provided an equal amount 
is flowing m each of the rails. If, however, more current is 
flowing in one rail than in the other, there will be a tendency 
to eaturate the iron core and thereby reduce the impedance 
of the bond. This eflect, which ia called "unbalancing," 
w limited by introducing an air gap vnto t\^e TftWEtittw; tw^S., 
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the bonds ordinarily being designed to stand 20 per cent. 
unbalancing without a decrease of more than 10 per cent, in 
impedance. 

The size of the twnd to be installed is dependent upon the 
amount of current the bond will have to cany, the impedance 
to which it must be wound (this being more or less dependent 
upon the length of the track circuit), and upon the amount of 
unbalancing to be taken care of. Where good traction bond- 
ing can be maintained a less amount of unbalancing can be 
fibred upon, and hence a smaller size of bond employed. 




c 


BJie 3 Form B Bond 


She 3 Form A Bond 


13% inches 


ilElS 



The Size 1 Form C bond, which is the largest, is installed 
only where the heaviest traffic requirements are to be met, the 
size of the bond requiring that it be located outside of the rails. 
The Size 2 Form B and Size 3 Form A bonds are of such dimen- 
sions as to permit their being installed between the rails. 
These smaller bonds are furnished with sloping covers to pre- 
vent their being caught by dragging train parts, and are 
especially designed to nave their leads brought out of the case 
in a manner to facilitate connection, to ftv* TiSa, 



TRANSFORMERS 

High Tension Line Transformers 

THE Type L tranaformer ia a single phase, oil immeraed, 
self cooled, pole type traosformer, designed to step down 
the transmission line voltage (6,600 volts maidtnum) at 
signal and track feed locations, to the voltage required for the 
operation of the signal system. 




The combinations in which these transformers are made up 
are as follows: 

1. High tension primary winding and low tension secondary 
winding for feeding relay locals, signal mechanisms, and lights. 

2. High tension primarj; winding and low tension secondary 
winding for feeding track circuits. 
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3. High tension primary windii^ and low tension secondary 
windings, one for feeding relay locals, signal mechanisms and 
lights, and one or two for feeding track circuits. 

The primary or high tension winding may be equipped 
with 5 and 10 per cent, taps brought to a suitable porcelain 
terminal block, which ordinarily is located below the oil 
level to minimize the liability of lightning arcing from post to 
post. The secondary leads and taps are brought to a sepa- 
rate porcelain terminal board located above the oil level. 

The transformer windings are contained in a cast iron, 
water-proof case, which is fitted with lugs to take the hanger 
irons necessary tor mounting. 

These transformers are built with the same relative polarity 
and are so constructed that reversing the polarity of the tract 
feed may be accomplished on the terminal block inside the 
transformer without changing the permanent exterior circuit 



Fici. 95. 



H 



Core losses and copper losses are lower and the efficiency 
higher than usually is obtainable on this special class of trans- 
formers. Good regulation on low power factor, low exciting 
current and high insulation (insulation tests being 50 per cent. 
above A. L £, E. standards) are features which combine 
to form an exceptional transformer in point of long life and 
safety. The transformer design is strictly in accordance with 
R. S. A. specifications. 

Secondarv Track Tramsformers 
The Type K secondary track transformer as illustrated by 
Fig. 9-') IS of the air cooled type and is especially designed 
for feeding individual track circuits, being used, however, to 
some extent, in connection with low voltage tungsten light- 
ing. 

The transformers are ordinarily made up with one high 
tension primary winding and one low tension secondary 
winding, this latter being provided with taps for the adjust- 
ment of the track circuit feeds. The primaries are wound 
for any voltage up to 440 as specified and as ordinarily 
installed are connected to the low tension secondary of the 
line transformer. These connectioua pa.a ba twa.**. -iH-Mb. "isit 
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track transformer housed in the relay box ordinarily installed 
at signal locations. 

The cover of the transformer is provided with binding posts 
for both high and low tension windings. The case is of cast 
iron, light in weight, and is provided both with lugs for hang- 
ing, and with feet to permit of the device being mounted as 
desired. 

The same exceptional efficiency, regulation, and low exciting 
current are obtained in this class of transformer as in the Type 
L transformers, previously described. 
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SIGNAL LIGHTING AT INTERLOCKING 

PLANTS 



COVERING RECOMMENDED PRACTICE 
FOR ELECTRIC LIGHTING AS TO THE 
ARRANGEMENT OF LAMPS, SOURCE 
OF POWER, AND PRECAUTIONS TO 

OBSERVE 



SIGNAL LIGHTING AT INTERLOCKING 

PLANTS 

THE €[ueBtion as to whether oil or electricity is to be used 
for lighting the signals at electric interlocking plants, de- 
pends on what is most economical and satisfictory under 
the particular conditions existing at each separate plant. 

In many cases a decision as to the t^e of lighting best 
adapted to a given plant can be easily reached. For example: 
If commercial power of proper voltage is available at low 
cost, or if alternating current is employed in connection with 
the signaling, it will undoubtedly be found desirable to light 
the lamps electrically; this is especially so if the plant is a 
very large one, as at such a point the ou lamps would require 
a special force of lampmen for their maintenance. On the 
other hand, if commercial power is not available or can be 
secured only at a high rate, or if the plant is so small that oil 
lamps could be cared for by the force regularly employed, it 
will probably be found most economical to use oil lighting. 

In cases where the course to be followed is not so evident, a 
careful estimate of the initial expense involved and of the cost 
of operation and maintenance, should be prepared b^ore a 
decision is reached. In the case of oil lignting it is merely 
necessary to consider the cost of the lamps, oil, maintenance, 
etc. In the case of electric lighting, however, a number of 
other considerations enter into the problem as outlined on 
the following pages. 

Type and Arrangement of Bulbs in Signal Lamps 

The bulbs used in this type of work are ordinarily of low 
candle power, it having been found that ample light is secured 
from bulbs of two or four candle power. When the lighting is 
operated at 110 volts, the carbon filament type is insSdled, it 
beine considered that metallic filament bulbs of such low 
candle power are too frail to be reliable when designed for 
operation on this voltage. Where it is possible, however, to 
furnish current at a potential of from 6 to 12 volts, the high 
efficiency of the metallic filament type can readily be made 
use of. 

POWER REQUIRED FOR OPERATION OF 
incandescent LAMPS 



CMidle 
Power 


Carbon Filambht 


MSTALUC FILAIISNT | 


110 Volts 


65 Volts 


10-13 Volts 


4-« Volts 


Watts 


Watts 


Watts 


Watts 


2 

4 


10 
20 


10 
20 


■ ■ 

5 


2^ 
6 



NoTB. — Valuos approidmato. 
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In determining the arrangement of the bulbs in each d^pal 
lamp, the first consideration is to insure the signals against 
ever being without li^ht. On this account, general practice has 
been to have each signal lamp contain two bulbs, connected 
in multiple, it being nighly improbable that both will bum 
out at tne same time. The reduced brilliancy of the signal 
light, resulting from the burning out of one of the bmbs, 
causes the fauure to be quickly detected and permits the 
necessary renewal to be made at once. 

Where two bulbs, burning in multiple, sive more than the 
amount of light rec[uired, an economy can be effected without 
sacrificing reliability by employing "cut in" relays which 
permit the burning of but one of the bulbs at a time. The 
coil of this ''cut in relay is connected in series with the bulb 
that is to bum normally, a back contact on the relay being 
arranged to connect the reserve bulb across the lighting mains 
in the event of failure of the one in service. 

Another way to reduce the energy consumption and still 
retain the necessary reserve, is to use the nigh efiSciency 
metaJUic filament bulbs connected in multiple. As stated 
above, a low candle power bulb of this type to be reliable 
must be operated on low voltage. 

Normal Source of Power and the Necessary Reserve 

Having touched upon the type and arrangement of the 
bulbs to be used in signal lamps, the next consideration should 
be with regard to the normal power supply and what reserve 
should be provided to keep the lights burning in case of 
emergency. 

It IS recommended as good practice that the signal lights 
should be operated from a commercial source, the control 
being arranged so that the lighting systems will be quickly 
transferred on to the 110 volt interlocking battery in the 
event of failure of the commercial power. It will be seen 
that this use of the interlocking battery as a reserve restricts 
the lighting to operation on 110 volts. The commercial power 
may be either alternating or direct current and will in all 
probability be delivered at 110 or 220 volts. If this potential 
IS 220 volts, it is, of course, necessary to install a motor gen- 
erator set, transformer, etc., to reduce the voltage to that 
reqmred by the lighting system. 

Where a reliable source of alternating current is available, 
such, for instance, as can be obtained when the interlocking 
plant is located in A. C. automatic signal territory^ the reserve 
battery is not considered necessary, and this permits the light- 
ing system to be operated at any voltage desired. In such a 
case low voltage metallic filament lamps can be operated, 
transmission about the plant being made at a higher voltage, 
thus avoiding the necessity of installing large lighting mains. 
In this connection it is to be noted that low voltage lighting 
should he restricted to points where the current supply is abso- 
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lutely reliable, except in the case of a plant with compara- 
tively few signals, at which plant a low voltage battery of 
suitable capacity is available for use as a reserve. 

In case commercial power, of the proper voltage, or sig- 
naling power cannot be secured, the lights should then be oper- 
ated from the cluurging generator, provision h&xn^ made to 
transfer the lights onto the interlocking battery m case of 
^ure of the generating unit. Attention is called to the 
undesirabilily of lighting from this source unless either the 
charging unit or interlocking battery is installed in duplicate, 
since ii only one generator and one battery were employed, 
the capacity of the battery would have to be excessively 
large to provide sufficient reserve against the failure of the 
charging generator, such a failure in all probability being of 
longer duration than would be the case with commercial 
power. 

Precautions 

In operating the lighting system from a charging generator 
ereat care should be used to see that the normal voltage of the 
Eungs is never exceeded, since the bulbs will be quicldy burnt 
out if subjected to an excess voltage. This increased voltage 
always exists when the charging generator is supplying cur- 
rent for the lighting system at the same time it is ensuing the 
interlocldng batteiy; therefore, a regulating device must be 
provided to maintain the voltage on the lamps at the normal 
point. This device ordinarily is a hand operated rheostat 
which has sufficient r^ulation to permit the voltage to be 
kept at normal. It wiU be seen that the device will require 
the maintainer's attention at frequent intervals; this, how- 
ever, cannot be considered serious, as under such conditions 
the interlocking battery would never be charged at night except 
in case of emergency. Where duplicate batteries are employed, 
a regulating device is not required, as the combination of 
switches on the power board can be so arranged that it is 
impossible to serve the lighting circuits from the battery 
that is being charged. 

Precaution respecting cross protection should be observed 
whenever the interlockmg battery may be called upon to 
furnish current for the lignti^g system. At plants whero the 
operating switchboard is ec^uipped with the cross protection 
circuit breaker shown in Fig. 24 (both positive ana negative 
iMtttery connections being broken through the circuit breaker 
contacts), the signals can be electrically fighted from the inter- 
locking battery without endangering the proper operation of 
the switches, signals, or other functions of the plant. If, 
however, it is proposed to electrically light the signals of an 
existing G. R. S. plant at which plant the old type of circuit 
breaker (Sec. 1, Elec. Int. Cat., page 280) is installed, it is 
strongly recommended that the operating switchboard be 
equipped with the double pole circuit breaker C^v^. '^A^ ^^ 
the circuits rearranged to embody tYi^fe '^tosry^^^ ol^Ooa^w^'^sssi^ 
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shown on page 88. The lighting mains under no condition 
should be controlled through the circuit breaker. 

Recommendations 

It is recommended that two bulbs always be installed in 
each signal lamp, burning in multiple or operated in connec- 
tion with a "cut in" relay. 

Reading the source of power, it is recommended as good 
practice that commercial power be employed, providing 
arrangements are made to cut the lighting system onto the 
intCTlocking batterv in case of failure of the commercial source. 

Where the interlocking plant is located in A. C. automatic 
signal territory the lighting may be operated on any voltage 
desired. At such a point high efficiency metallic filament 
lamps can readily be operated. No reserve is necessary, in 
view of the fact that the signal transmission line is always 
thoroughly protected against power failure. 

Where neither commercial power nor A. C. signaling current 
is available, the signal lighting may be electncally operated 
from the charging generator, providing the interlocking bat- 
tery is (or battenes are) of sufficient capacitor to insure the 
continuous operation of the interlocking and hghting systems 
through any period of time necessary to repair a failure on the 
part of the charging unit. 

In all cases ^ere storage batteries may be called upon to 
furnish current for the lighting circuits, regulating apparatus 
must be installed to permit the current from such battery to 
be delivered to the lighting mains at normal voltage during a 
chujnng period. 

Wnenever the interlocking battery serves as a reserve, the 
circuits and apparatus on the operating switchboard must be 
such that operation of the lighting system will in no way 
endanger cross protection. 
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ELECTRIC LOCKING AND CHECK LOCKING 



GIVING A DESCRIPTION OF THE VARI- 
OUS TYPES OF CIRCUITS AND THEIR 
APPLICATION TO ELECTRIC INTER- 
LOCKING WORK 



ELECTRIC LOCKING 

ELECTRIC locking as defined by the Raflway Signal Asso- 
ciation consists of "the combination of one or more elec- 
tric locks and controlling circuits by means of which 
levers in an interlocking machine, or switches or other devices 
operated in connection with signaling and interlocking, are 
secured against operation under certain conditions." 

Electric locking is a development of the tendency in raU- 
way signaling practice to constantly decrease the manual 
control of all fimctions and to increase the automatic control. 
The first important step alone this line was the operation of 
switches and signals through tne medium of interlocked levers 
concentrated in a central machine. The real beginning of 
electric locldng, however, was in the installation at mechani- 
cal plants of locking circuits which were to prevent the lever- 
man from changing the route in the face of an approaching 
train. This was followed by a step which had its inception in 
the all-electric interlocldng system : namelv, section or aetector 
lockiiig which was designed to afford safety to a train from 
the time it passed the home signal location xmtil it cleared 
the limits of the interlocking plant. As first installed in con- 
nection with electric interlocking, the switches and derails in 
a given track section were prevented from being thrown while 
a train was on that track section, by interruptmg the current 
supply to those functions by means of a relay controlled by 
the track relay of the section in question. At the present 
time this method of control is not generally used with the 
all-electric system, having given way to the practice of equip- 
ping each switch and derail lever with dectnc locks, properly 
controlled by the various track sections. 

Ever since the time of those first successful installations, 
the signal men of the country have become more and more 
alive to the fact that safety of railway operation could be 
much further assured by the development of this principle of 
automatically preventing the operation of functions which 
might endanger the safety of trains approaching or passing 
through interlocking plants. In fact, at the present time 
electnc locking has come to be considered by many a necessary 
adjunct to an mterlocking plant. 

Due to the rapidity of tiie development of the art, a wide 
range of methods has been used to accomplish the same 
result; the principles involved, nevertheless, have been so 
. nearly uniform that it has become possible to determine the 
elements that enter into good practice. For instance, it will 
be found that it should always be possible to restore the home 
signal to the normal position, even though it may not be 
desirable to release the route beyond. Also in case of emerg- 
ency, release of the route is generally permitted through the 
use of a time release or hand «witeii\ \Safc ^yc^sc&Xa '«^\'®^'^ 
that when the device has beeoi op«»X«Ql \» «wsox^ 'Cos^ ^^ssss^^ 
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release, some circuit easeatial to the operation of either switch 
or dgDid functions will be broken, thus necessitating th&t the 
time rdsase or hand switch be returned to its normal position 
before operation of the switches or rignale affected can be 
remmed. 

Based on the above, the Railway Signal Association has 
clashed Electric Locking in the following manner: 
"Section Locking. Electric locking effective while a train 
occupies a given section of a route and adapted to prevent 
manipulation of leven that would endanger the train while 
it is within that section." 

An illustration of section locking is given in Fig. 97, showing 
the manner of controlling the locks with whicn the switch 
levoa are equipped. As the levers are locked in either the 
fuU normal or full reverse positioD, it will be seen that the 
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operator is prevented from changing the position of the switches 
or derails in a given section during sucn time as that section 
is occupied or fouled by a train. 

" Route LoCKiNa. Electric locking taking effect when a train 
passes a signal and adapted to prevent manipulation of levers 
that would endanger the train while it is within the limits 
of the route entered." 

Route locking is a development of section locking in which 
the switches and derails in all sections of any route are locked 
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from the time a train enters that route until such time as the 
route is cleared. An illustration of route locldng applied to 
a simple layout is shown in Fig. 98. It is evident that the 
circuits become somewhat complicated when used in connec- 
tion with an interlocking where the routing of each signal 
may extend over a numter of combinations of track sections. 

" Sectional Route Locking. Route locking so arranged that 
a train, in clearing each section of the route, releases the locking 
affecting that section." 

Tins ifl a further devdopment of section lock^sss^ \sl ^VSssSc^ 
the functions in all lectioDi ia ^ ^v«cl twjNa %s5^ V>sS«s^ "w^ 
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soon as the train has passed the home signal, the functions in 
each section, however, being released bemnd the train as soon 
as the train has passed out of the section. 

The installation of sectional route locking has been largely 
restricted to points such as congested terminals where the 
maximum number of traffic movements is demanded with a 
maximimi of protection. Due to its being little used, and on 
accoimt of the rather complicated circuits involved, no at- 
tempt has been made to show any typical illustration of the 
circuits required in such work. 




Annunciator 



Control 519.6 

Screw ReleaM 
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Half reyerse lock 
on Signal lever 6 



Fig. 99. Approach Locking Circtjit 

"Approach Locking. Electric locking effective while a train 
is approaching a signal that has been set for it to proceed and 
adapted to prevent manipulation of levers or devices that 
womd endanger that train." 

Fig. 99 shows an approach locking circuit in which a half 
reverse lock on the home signal lever, through the medium of 
the locking between the signal and switch levers, prevents the 
release of tne route during such time as the lock is ae-energized. 
The locking becomes effective after the signal for the route has 
been cleared and the train has passed a predetermined point, 
which in Fig. 99 is the annimciator section; the lockmg is 
released as soon as the train passes the home signal. 

It will be noted that in Fig. 99 no protection is given after 
the train has passed the home signal, i. e. — no route locldng 
protection is afforded. Protection can be given through the 
plant by releasing the signal lever in the mat section beyond 
tie limits of the plant instead of on the forty-five degree 
control relay. 
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"Stick Locking. Electric locking takine effect upon the 
setting of a sisnal for a train to proceed, released by a passing 
train, and adapted to prevent manipulation of levers that 
would endanger an approaching train. 

Stick locking in reality is only another form of approach 
locking, being different in that it becomes effectve on the 
reverEol of the home signal lever and does not further depend 
on the approach of a train. 

Fig. 100 shows a stick locking circuit in which the half reverse 
lock, with which the signal lever is equipped, prevents its 
return to the full normal position, and, therefore, the release 
of the route governed, imtu such time as a train has passed on 
to the release section ; this section is shown located beyond the 
interlocking limits as mentioned imder "Approach Locking." 




5crevv Release^, f 
Conirol 5ig 




Half reverse lock 
on signal lever 6 



Fig. 100, Stick Locking Circtjit 

It will be seen that it is necessary to restore the sig^nal lever to 
the normal position while the train is on the releasing section, 
otherwise tne signal lever can only be returned to the full 
normal position through the operation of the time release. 
If desired, the releasing section may be extended to include 
the several track sections in the route so that the lever may 
be restored to the normal position any time the train is within 
the limits of the route. 

"Indication Locking. Electric locking adapted to prevent 
any manipulation of levers that would bring about an unsafe 
condition in case a signal, switch, or other operated device fails 
to make a movement corresponding with that of the operating 
lever; or adapted directljy to prevent the operation of one de- 
vice in case another device, to be operated first, fails to make 
the required movement." 

As an illustration of this type of locking may be taken 
any electrical device, which is designed tA \\\!&a^^ '^^ ^j^- 
naflpondenee of position betweesi a mm*. wA Niy^ <yscJsx^^^sssifii» 
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It will be found that with the exertion of certain forma of 
Indication locldnK, such as the dynamic Indication, the dift^^ 
ent basic forms of electric loddng as outlined above are seldom 
used alone, but in combinations. 
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FlO. 101. ClHCtrnS TOK COUBINATIOH OF ATPHOACH, InDICATIO 



IFIg. 101 illustrates the use of an approach locking circuit in 
conjunction with section locking, and with indication locking 
for distant signal No. 1. In this circuit the control is secured 
by equipping the switch levers with electric loclts governed by 
a stick relay. The locking becomes effective when signal 
No. 6 is cleared but is capaue of being released by the return 
of lever No. 6 to the normal poration, providing a train has 
passed into the releadng section, or providing no train is on 
any of the track sections repeated by the annunciator and 
the fortv-five degree control relay for signal No. 6. This 
einuit doea not require that the lever be returned to the 
Bonaai position whUe Hm tnxa ia oa ^ba t^ltMiai% tnAbMi. 
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If thifl feature is desired the control majr be broken through 
the contacts on leva* No. 6 instead of through the circuit 
breaker of the eignal. 

The indication locking feature consists of carrying the 
control of the stick relay through the circuit breaker di dis- 
tant signal No. 1 to prevent release of the route under any 
condition VI signal No. 1 is not in the caution or stop position. 

Fig. 102 illuBtrates a similar arraneement of tracks and an- 
nals, with circuits providing stick locking, section locking, and 
Indication loddng. It ia ta be noted that in every particular 
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lock» on Snitch Lcv«r» 
Fra. 102. CiBCurp iob Combikatioh at Stick, Ikdicatioh ahd 
BscnoH LocuKs 

thb circuit is the same as that in Fig. 101, except that theatick 
relay doee not have a pick up through the forty-five 
d^jree control r^y and the annunciator in series; the 
omission of this wire classes the circuit under "Stick Locking." 
The locking becomes eCective upon the clearing of s^nal 
No. 6 and u released by a train on the clearing section or by 
operation of the time release. 



CHECK LOCKING 

¥ IE THEN interlocking plants are located a comparatively 
y Y short distance apart, it is advisable and rrequently 
^ necessary to install what is known as ''Check Lock- 
ing/' which enforces cooperation between the levermen at the 
two plants in such a manner as to prevent opposing signals, 
governing over the same track, from being at proceed at the 
same time. Furthermore, after a signal has been cleared and 
accepted by a train, check locking prevents an opposing signal 
at the adjacent interlocking plant n'om being cleared until the 
train has passed through to that plant. 

Fig. 103 shows a check locking circuit which involves the 
use of check lock levers at each plant, the arrangement and 
method of operation of these levers making the circuit especially 
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FiQ. 103. Check Lockinq Circuit 
For use where there is no preference as to direction of traffic. 

adaptable where there is no preference as to the direction of 
traffic. The sigjial levers at each station, governing move- 
ments over the intervening track, are so interlocked with the 
check lock levers in their respective machines, that they may 
not be moved from their full normal position until their re- 
spective check lock levers have been moved to the full reverse 
position. By reference to Fig. 103 it will be seen that the 
check lock levers are so controlled that but one of them can 
be in the full reverse position at the same time. Therefore, 
it is impossible for signals No. 1 and No. 20 at stations A and 
Z, respectivelv, to be displayed at proceed at the same time. 

The control circuit for the check lock levers is shown broken 
through relay X, which represents the track relays for the 
sections between signals No. 1 and No. 20. This prevents a 
check lock lever being thrown to the full reverse position 
and, consequently, any traffic movement from being made 
during such time as these sections are occupied. The release 
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of either lever in moving to the reverse position is effected 
by current taken from the battery at the far end of the circuit. 

The check locking circuit shown in Fig. 104 is designed for 
operation when there is a preference in the direction of traffic, 
since traffic movements can normally be made from A to Z 
without any interference from the check locking, it being 
necessary, however, when making a movement from Z to A 
(a^inst traffic) to operate both check lock levers. 

Each station is equipped with a check lock lever so interlocked 
with signal levers No. 1 and No. 20, that lever No. 1 is 
free to be moved only when the check lock lever at A is full 
normal) and lever No. 20 only when the check lock lever 
at Z is full reverse. The control, however, of the check 
lock levers is such that the lever at Z can be reversed only 
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Fig. 104. Check Locking Cikcuit 
For use where there is preference as to direction of traffic. 

after the check lock lever at A has been thrown to the full 
reverse position, and, after having been moved from its normal 
position, the lever at A can be returned to the full normal 
position only after the return of the check lock lever at Z to 
full normal. Thus it will be seen that it is impossible to have 
a condition existing which would permit signal levers No. 1 
and No. 20 to be reversed at the same time. 

The final movement of the check lock lever at Z in being 
moved to the full reverse position, and of the check lock lever 
at A in beuog placed normal, is permitted by energy secured 
6*om the battery located at the far end of the circuit. 



SECTION VI 



INSTALLATION AND OPERATING DATA FOR 
POWER PLANTS AND SWITCHBOARDS 



COVERING LEAD TYPE STORAGE BAT- 
TERIES, GENERATORS AND MOTOR 
GENERATORS, GASOLINE ENGINES AND 
SWITCHBOARDS, WITH DATA AND 
TABLES FOR THE DETERMINATION OF 
THE PROPER TYPE AND CAPACITIES 
OF APPARATUS 



LEAD TYPE STORAGE BATTERIES 

STORAGE or secondary batteries coneiBt of cells, the plates 
and electrolyte of wnich can be restored to their onginal 
condition after diacharge, by forcing an electric current * 
through the cell in the dirn^on opposite to that taken by 
the current produced by the cell. When a primary battery 
is exhausted the electrolyte and elements are renewed before 
furtbar u^e. It is in this reversability or regeneration that 
lies the fundamental difference between storage and printary 

The lead type storage cell consists essentially of two 
plates or Eets of plates suspended in a dilute solution of sul- 
phuric acid. There are many forms of plate construction, but 
the chemical composition is generally the saine, the positive 
and negative plates being made of peroaide of lead and pure 




or hard rubber separators are introduced 



positivt 

i>etwee 



the plates 



the n^ative plates, thus causing short circuit. 

When the circuit is closed and the battery discharging, the 
sulphuric acid combines with the lead in the elements forming 
a oeposit of sulphate of lead on the siuface of both positive 
and negative plates, the density (specific gravity) of the 
electrol^e diminishing as the sulphunc acid leaves it to com- 
bine with the materials of the plates. By forcing current 
through the cell in the direction opposite to that oi the dis- 
charged current, the sulphate of lead on the negative platefi 
will be converted into sponge lead and sulphuric acid, and the 
sulphate of lead in the positive plates into peroxide of lead 
and sulphuric acid ; the sponge lead and the peroxide at Wil 
remain in the plates and the Hulphurw ajai d^-vuMb S-t*- '^^b* . 
dectrolyta, the q>«ci&! gravity oi 'w\»tli "rtaea Vr " 
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EXTRACT FROM R. S. A. SPECIFICATIONS FOR 
LEAD TYPE STATIONARY STORAGE BAT- 
TERY FOR INTERLOCKINGS (1913) 

1. Intent 

The intent of these specifications is to provide for the 
furnishing of complete storage battery cells and parts, 
designed to be located in interlocking stations or battery 
houses and used for operating interlocking and signal 
apparatus. 

2. Designations 

(a) In ordering cells or parts the nominal capacity re- 
quired will be designated as "40 A. H., "80 A. H.," ^*120 
A. H.," "200 A. a.," "320 A. H.," or "400 A. H.," and 
these terms shall be understood to signify, on an e^ht (8) 
hour basis, the capacities and dimensions thus designated 
in these specifications and Railway Signal Association 
drawing 1224. (See page 146.) 

(&) Each complete cell, unJess otherwise specified, is 
understood to include the following parts: 

1. One (1) positive group, consisting of the neces- 
sary number of positive plates assemoled with con- 
necting strap and one (1) connecting bolt. 

2. One (1) negative group, consisting of the neces- 
sary number of negative plates assembled with con- 
necting strap and one (1) connecting bolt. 

3. One (1) set of separators, with dowels and hold 
downs. 

4. One (1) glass jar. 

5. One (1) glass sand tray, with moulded feet. 

6. One (1) glass cell cover. 

7. Recjuired electrolyte. 

(c) Positive or ne^tive groups, if ordered separately, 
will be ready for service after an initial chaige continued 
for fifty (50) to sixty (60) hours at the eight &) hour rate. 

3. Capacity op Battery 

In conformity with service requirements. 

4. Number op CJells per Battery 

In conformity with voltage requirements. 

5. Dimensions 

Jars, sand trays and covers must conform to Railway 
Signal Association drawing 1224, which is an essential 
part of these specifications. (See page 146.) 

6. Elements 

(a) Positive plates shall \>%oit)[i%^\KGL\.^Vr^^' 
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(h) Negative plates shall be either of the Plante type or 
of the type ha'nne mechanically applied active material. 

(c) Positive ana negative plates shall be respectively 
connected into positive and negative groups by burning to 
lead straps. 

7. Separators 

Separators shall be of specially treated wood. 

8. Electrolyte 

(a) Electrolyte shall have a specific gravity of between 
1.205 and 1.215 at the end of the initial charge in service. 

(&) Electrolyte shall be in accordance with Railway 
Signal Association specifications. 

9. Acceptance 

No unit or part will be accepted which does not, in the 
judgment of the Purchaser, conform to the best practice 
with respect to material and workmanship. 

10. Service Requirements 

(a) It is essential that all parts shall be rugged in the 
highest degree both mechamcall^^ and electrically. The 
apparatus nimished must give satisfactory and economical 
service. 

(&) Should any injurious buckling of plates occur in 
normal service within one (1) year after delivery, or 
should the capacity of any cell or element fall to less than 
eighty-five (85) per cent, of the specified capacity at the 
eight (8) A. H. rate, in normal service, within one (1) 
year after delivery, the Contractor must replace tne 
defective parts and restore the affected cells to their full 
specified capacity and to a condition satisfactory to the 
Purchaser, without additional cost to him. 

(c) As far as practicable, it is understood that the cells 
are to be operated in the manner recommended by the 
Contractor, out the necessities of operation must be the 
first consideration. 



R. S. A. DIRECTIONS FOR INSTALLATION OF 

LEAD TYPE STATIONARY STORAGE 

BATTERIES (1909) 
1. General 

(a) The battery should be housed in a space by itself as 

the acid fumes given off during the charge are of a cor- 

rosive Dature, This space should be well ventilated, 

weJJ lighted, and as dry as possible. 11 VN\a s^^jcfc S& «^^- 

Blly constructed it should contain no meXsA ^otV cjiOwst 

than lead. It this is not poeaibVe, t\i«n «Kkfc\i m«taX ^«c\a 
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should be protected bv at least two (2) coats of acid-proof 
paint. The floors of a lai^ battery room should be 
preferably of vitrified brick, jointed with pitch. 

(&) Batteries should be placed in a room having a uni- 
form temperature, preferably seventy (70) degrees Fahr. 
Low temperature does not injure a battery, but lowers its 
capacity approximateljr one-half (^) of one per cent, per 
degree. Excessively mgh temperatures shortoi the life of 
the plates. 

(c) If glass jars are used and cell is not of the two-plate 
type, the following should be observed: 

1. Batteries up to four himdred (400) ampere hour 
capacity shall be placed in glass jars. 

2. The capacity of batteries shall 'be for an eieht 
(8) hour rate of discharge at seventv (70) degrees Fanr. 

3. Batteries having a laree nirniber of cells, such as 
at interlocking plants, shall be provided with sub- 
stantial wood racks to support them. These racks shall 
preferably be made of long-leaf yellow pine with non- 
corrosive fastenings, and thoroughly protected bv at 
least two (2) coats of acid-proof paint. Cells shall be 
arranged transverselv, and the layouts be such that 
each cell is accessible for inspection and provide suf- 
ficient head room over each cell to remove the element 
without moving the lar. 

4. Each jar shall be set in a tray which has been 
evenly filled with fine dry bar sand, the trays resting on 
suitable insulators. 

5. When placing the positive and negative groups 
into the jars see that the direction of the lug is rdfa- 
tivelv the same in each case, so that a positive lug of 
one (1) cell adjoins and is connected to a negative lug of 
the next cell throughout the battery, thereby giving 
proper polarity, providing a positive lug at one free end 
and a negative at the other. 

6. Bdfore bolting the battery lugs together, they 
should be well scraped at the point of contact, to insure 
good conductivity and low resistance in the circuit. The 
connector studs should be covered with vaseline before 
screwuie up, and all connections covered with vasdine 
or suitable paint. 

7. Before putting electrolyte in the battery the cir- 
cuits connecting same with the charging source must be 
completed, care being taken to have the positive pole of 
the charging source connected with the positive end of 
the battery and the negative poles. The electrolyte 
should cover the top of plates by one-half iW) inch. 

(a) The electrolyte nwHt ^>e tw» ^x«St "^T^^a^^ 



meet the tests preacribedby t\yBBaSMi«^ 
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8. Initial Charge 

(a) The initial charge must follow the Manufacturer's 
instructions. The charge should be started prompti^ as 
soon as all the cells are nlled with electrolyte, and all con- 
nections made, usually at the normal rate, and continued 
at the same rate imtil Dotii the specific gravity and volta^je 
show no rise over a poiod of ten (10) hours, and gas is 
being freely given on from all the plates. The pMtive 
plates will sometimes gas before the negatives. Gen- 
erally, to meet these conditions, from forty-five (45) to 
fifty-five (55) hours continuous charging at the normal 
rate will be required; and if the rate is less, the time 
required will be proportionatelv increased. In case the 
charge is interrupted, particularly during its earlier stages, 
or if it is not started as soon as the electrolyte is in the 
cells, the total cluu^e rec|uired (in ampere hours) will be 
greater than if the c&ree is continued and is started at once. 

(h) As a guide in following the progress of the chaj^e, 
reacUngs should be regularlv taken and recorded. Tne 
gassing should also be watched, and if anv cells are not 
gassing as much as the adjoining cells, tney should be 
carefuUy examined and the cause of the trouble removed. 
The temperature of the electrolyte should be closely 
watched, and if it approaches one hundred (100) degrees 
Fahr. the charging rate must be reduced or the charge 
temporarily stopped until the temperature lowers. 

(c) The specific gravity will fall after the electrolyte is 
added to the cells, and will then graduallv rise as the 
charge progresses, until it is up to 1.210 or thereabout. 

(d) The voltage of each cell at the end of the charge 
will have risen to its maximum and usually will be t^ 
tween two and five-tenths (2.5) and two and seven-tenths 
(2.7) volts. 

(6) If the specific gravity of any of the cells at the com- 
pletion of the charge is below 1.205, or above 1.215, allow- 
ance being made for the temperature correction, it ^ould 
be adjusted to within these limits^ by removing and adding 
electrolyte if the specific gravity is low, and adding chemi- 
cally pure water if the specific gravity is high, to again 
bring the surface at the proper height above the top of 
the plates. It is of the utmost importance that the 
initial charge be complete in every respect. 

(/) In case of batteries charging from primary cells, if 
possible, the initial charge should be given at a place 
where direct current is available of sufficient voltage to 
complete the charge at the normal rate, the cells being 
then transferred to their permanent position. 

^. T^o-d'LATB Cells 

The general method of instaWadon. \a ^<& rajAft «a ^Oca 
above with the following exceptiona*. "EAA^ti csi^ cnaXa&sA 
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one positive and one negative plate, the positive of one 
cell being solidly connected bv a lead strap to the nega- 
tive plate of the adjoining cdl, and consequently no con- 
nectors are required. At the ends of eacn row there is 
one (1) free positive plate and one (1) free negative plate 
respectively, which constitute the positive and ne^tive 
terminals of that row. Connections to these terminals are 
made with bolt connectors. 

5. Large Capacity Cells 

(a) Batteries of a greater capacity than four himdred 
(400; ampere hours snail be placed in wood tanks and shall 
be covered by special specifications. 

(&) Where tajiks are used, it is customary to support 
them on a double tier of glass insulators. 

(p) Plates are shipped separately and assembled one at 
a time in the tank and burned sohdly to a heavy lead bus 
bar by means of a hydrogen flame. It is recommended 
that when installations (3 this kind are required that 
battery Manufacturers install the battcary in accordance 
with their standard practice. 



R. S. A. INSTRUCTIONS FOR OPERATION OF LEAD 
TYPE STORAGE BATTERIES AT INTER- 
LOCKING PLANTS (1909) 

1. Battery 

batteries; cells each; type ; number of 

plates per cell normal charging rate amperes. 

batteries; cells each; type ; numSer of 

plates per cell normal charging rate amperes. 

2. Pilot Cell 

In each battery, select a readil]^ accessible cell, to be 
used in following the daily operation of the battery, by 
taking roecific gravity readings of the electrolyte, as 
given below. Keep the level of the electrolyte of this cell 
at a fixed height, one-half (m) inch above the top of the 
plates, by adding a small quantity of chemicaUy pure 
water each day; this is extremely important. 

3. Charging 

(a) When to charge, 

1. As a general rule, do not charee until the specific 
gravity of the pilot cell has fallen at least ten (10) points 
Below the preceding overcharge maximum^ the ba^t^jsr^ 
being then about one-tldrd Q/^ ^2ffiK^ca^<^. 

2. In any case, cbarce ^Aaoou^A^csesB^cJvaj&J^^^^^, 
iDg either of the limits-©vcii\>eVw» xsai^et ^^\>>s*2k^^»*^- 
orifforuDy reason a beavy Oaafc\MKK%^Na«5«^^^^'**^* 
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(h) Regular charge, 

1. Charge at normal rate of amperes, or as 

near as possible, and continue until the specific gravity of 
the pilot cell has risen to three (3) points below the maxi- 
mum reached on the preceding overcharge, when the 
CHARGE SHOULD BE STOPPED: for example, if the maxi- 
TDMm specific gravity on the overcharge is 1.207, the spe- 
cific gravity reached on regular charge should be 1.204. 

2. The cells should all be gassing moderately. 

(c) Overcharge. 

1. Once every two (2) weeks, on 

prolong; the regiuar charg^e imtil fifteen (15) minute read- 
mgs of the specific gravity of the pilot cell and of the 
battery voltage, taken from the time the cells commence 
to gas show no rise on five (5) successive readings, thus 
having been at a maximum for one hour. 

2. When the above method of overcharge is not prac- 
ticable, the overcharge may be given every sixth charge, 
provided the battery receives an overcharge at least once 
every month. If in following this method, i. e., where 
the overcharge is given at intervals longer than two (2) 
weeks and not less frequently than once a month, the 
regular charge should be prolonged until one-half (%) 
hour readings of the specific gravity of the pilot cell and 
of the battery voltage, taken fiom tne time tne cells begin 
to gas, show no rise on seven (7) successive readings, thus 
having been at the maximum for three (3) hours. 

3. The cells should all be gassing ti*eelv. 

4. The overcharge should be given whether the bat- 
tery has been in regular use or not. 

(d) Charging in aenea. 

If two (2) or more batteries are charged together, in 
series, care should be taken that each battery is cut out 
when fully charged ; in other words, if one of the batteries 
discharges less than the other it ^ould not receive the 
same charge. 

4. Discharging 

(a) Never allow the specific gravity of the pilot cell to 
fall more than about thirty (80) points below the preceding 
overcharge maximum. As a rule, do not allow specific 
gravity to fall more than twenty (20) points. 

(&) Never allow the voltage to zo below one and 

EIGHTY-FIVE ONE-HUNDREDTHS (1.85) VOLTS PER CELL 

when discharging at the normal rate ( amperes). 

If the rate of discharge is less than the normal rate, the 
voltage should not be allowed to go so low. 

Limiting voltage cells volts. 

Limiting voltage cells volts. 

(e) Never allow the battery to stand in a completely 
discharged condition. 
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5. Readings 

(a) Read and record the specific gravity of the pilot cell 
and battery voltage just before starting and ending every 
cbaree, together with the temperature of the electrolyte. 

(8) To properly compare the specific gravity readings, 
thev should be correctea to standard temperature (seventy 
(70) degrees Fahr.) by adding one (1) point for every 
three (3) degrees above, and subtracting one (1) point for 
everv three (3) degrees below standard temperature. 

(c) Once every two (2) weeks, after the end of the 
charge preceding the overcharge, read and record the 
gravity of each cell in the battery. 

6. Inspection 

(a) Carefulljr inspect each cell on the day before the 
overcharge, usin^ a lamp on an extension cord for the 
purpose. Examme between the plates and hanging lugs 
to make sure that they are not touching, and also make a 
carefiil note of any peculiarity in color, etc., of the plates. 

(6) Use a strip of wood or hard rubber in removing 
short circuits. Never use metal. 

(c) Toward end of the charge preceding the overcharge, 
note any irregularity of gassing; cells gassing slowly 
should be investigated. 

7. Indications of Trouble 

(a) Falling off in specific gravity or voltage 
relative to the rest of the cells. 

(6) Lack of or slower gassing on overcharge, as 
compared with adjoining cells. 

(c) CJOLOR of plates markedly lighter or darker than 
in adjoining cells, except that sides of plates facing glass 
may vary considerably. 

(d) In case of any of the above symptoms being found, 
examine carefully for cause, and remove at once. 

(fi) Report trouble of any description at once to 



8. Broken Jars 

If a jar should break, and there is no other to take its 
place, so that the plates will have to remain out of serv- 
ice for some time, keep the negatives covered with water 
and allow the positives to dry. Connect into circuit again 
just before a charge, so that the plates will receive the 
benefit of the charge. 

9. Other Important Points 

(a) Plates must always be kept covered with electro- 
lyte. 

(b) Use only chemically pure water, preferably dis- 
tilled, to replsce evaporation. 
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(c) Never add electrolyte except under the condi- 
tions explained above. 

(d) Never allow the sediment to get to the bottom of 
the plates; remove sediment when the clearance has 
I cached one-half (W) inch. 

(e) Ventilate the room freely, especially when charging. 
(/) Never bring an exposed flame near the battenr 

when charging. 

(jg) Never allow metals or impurities of any kind to 
get into the cells; if this happens, remove and wash the 
plates and renew the electroljrte. 

(h) Fill out the report sheets regularly. 

(i) Read the general instructions carefully. 



REQUIRED CAPACITY OF STORAGE BATTERIES 

USED WITH G. R. S. ELECTRIC 

INTERLOCKING 

A storage battery of fifty-five to fifty-seven cells, having 
an approximate potential of 110 volts, is used in connection 
with G. R. S. electric interlocking installations. The required 
ampere hour capacity is dependent on a nimiber of variables, 
viz : the number of days between charges, frequency of lever 
movements, amoimt of current required for lighting, for cut- 
outs, indicators, annunciators, etc., and the number of days 
of reserve power desired. 

A separate low voltage batteiy is generally installed when 
there are a number of locks, indicators, relays, etc., required 
at the plant, as this type of device is more efficient and can 
have a more rugged magnet winding when designed for opera- 
tion on a potential of 10 or 20 volts; furthermore, there are 
certain safety features which can be secured in connection 
with this low voltage control. The capacity of such a low 
voltage battery is determined in the same manner as the high 
voltage battery, as given hereafter. 

The following instructions will enable the determination, 
with reasonable accuracy, of the ampere hour capacity of the 
battery required for use with a G. K. S. electric interlocking 
plant. 

Ampere Hour Capacity Required for Operation op 
Functions (See also table on page 158.) 

The ampere hour capacity reauired for the operation of 
fimctions is obtained by multiplying the number of lever 
movements per day by the numoer of days between charges 
and bv a ''Function Constant." This constant, to be obtained 
j^ reference to table on page 155, is influenced mainly by two 
Jjginga: the average length of t^e that signals are held in 
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the proceed position and the ratio of the number of signal 
movements to switch movements. In the absence of definite 
information on these points it is suggested that the constant 
.006 be used as representing a fair average condition. This 
constant is shown imderlined in the table. 

By reference to the table of Function Constants it can be 
easSfy seen that it is advisable to keep down the length of 
time signals are held in the proceed position, a glance indicat- 
ing that the battcsry capacity will run up very rapidly as the 
time of holding signals at proceed increases. In this connec- 
tion it may be stated that there have been cases where a much 
smaller size battery has been permitted due to the saving in 



TABLE OF FUNCTION CONSTANTS 



Arerage Length of Time Signals are 
Held In Proceed Position 

Minutes 


Ratio of Signal to Switch Movements 1 


1-2 


1-3 


1-4 


1-6 


2 
3 
6 

10 
15 
30 


.006 
.007 
.010 
.016 
.022 
.041 


.006 
.006 
.008 
.013 
.017 
.032 


.005 
.006 
.007 
.011 
.015 
.026 


.005 
.006 
.007 
.010 
.013 
.023 



hold clear ciurent, this being effected hy the installation of 
annimciators, which by suitably indicating the approach of 
a train reduces the len^h of tune of holding the signals at 
proceed. Furthermore, it is interesting to note that the saving 
effected by the installation of this smaller battery may more 
than balance the cost of such annunciator installation. 



Ampere Hours Required for Operating 
Switchboard Cut-Outs 

In every G. R. S. electric interlocking plant one or more 
circuit br^dser cut-outs are required for cross protection pur- 
poses. The capacity required for cut-outs is obtained by 
multiplying the number of cut-outs by nine-tenths and by 
the numb^ of days between charges. A discussion as to the 
number of cut-outs to be employed to suitably sectionalize a 
plant is given on page 98. 

Ajipere Hours Required for Electric Lighting 

(See page 127.) 

When the signals at an interlocking plant are to be lighted 
by electridty, the interlocking battel is generally held as a 
reserve agidonst the failure of the normal source of ^^nk. 
The number of days which the baX\«rj td».^ \sfe ^sS«ftL^s^RR^.\» 
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furnish ciirrent in such an event depends upon the probable 
length of time required to repair any derangement of the 
apparatus normally furnishing power to the lighting system. 
Tne ampere hour capacity wmch must be provided for the 
Ughting is, therefore, determined bv multiplying the ampere 
hours per signal per day by the number ef signals to be lighted 
and the number of days' operation which may be required 
between charging periods. 

TABLE OF AMPERE HOURS PER DAY PER SIGNAL. 110 VOLT 

CARBON FILAMENT BULBS — TWO BULBS PER SIGNAL, 

CONNECTED IN MULTIPLE 



Candle Power 
per Bulb 


AvBRAQS Number of Hours Lights arb Burned 

PER DAT 


12 


13 


14 


Ampere Hours 


Ampere Hours 


Ampere Hours 


2 
4 


2.18 
4.36 


2.36 
4.72 


2.65 
5.09 



NoTB. — Values approximate. 



Ampere Hours Required for Miscellaneous 

Purposes 

When auxiliary devices, such as indicators, locks, etc., are 
operated from the interlocking battery, the current taken for 
this purpose must be included in figuring the capacity of the 
batt«y. The current required by these devices can be secured 
by reference to tables on pages 265 to 269. The capacity of 
battery required for this purpose is obtained by multiplying the 
current taken by said auxiliary devices by the average number 
of hours such apparatus is energized per day, and by the num- 
ber of days between charges. 

Reserve Ampere Hours 

Under normal operating conditions the battery should not 
be fully discharged on accoimt of the fact that charging cur- 
rent may not be always instantly available when wanted, in 
which case the time would surely come when the plant would 
be without means of operation. It is, therefore, necessary to 
have the battery of sucn size that at the usual time of charging 
there will be a certain number of ampere hours capacity left 
in the iMittery as a reserve. 

The R. S. A. recommends that imder normal conditions the 

battery never be discharged beyond two-thirds of its total 

capacity; stated in other words, this means that 50 per 

cent must he added to the capacity computed when instalhng 

the batt&y in accordance witn R. ^. k. e^e&S&<ca.\KntA. "^ t\L<& 
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battery is to be charged at intervals of a week this will give 
a reserve of three and one-half days, and if at intervals of 
two weeks the reserve will be for seven dayB. When a com- 
mercial source of power is available, this in all probability 
will give more reserve than would be necessary. On the 
other nand, if the charging source is not so reliable, the capacity 
of the battery may have to be increased. For instance, the 
ch£U*ging of the batteries at an isolated plant may be dependent 
upon a gasoline engine, the failure of which mignt take several 
days for repairs due to time spent in securing repair parts, etc. 
In such a case when the charging is done at intervals of a 
week, it woiild, perhaps, be necessary to have a reserve suf- 
ficient for a full week's operation, this requiring that the 
computed capacity of the oattery be increased by 100 per 
cent. 

Based on the above, it is recommended as good practice that 
the battCTy provide for a minimimi reserve of 50 per cent, 
and that, if local conditions require it, an additional amount 
of reserve be added as outlined above. 

Method op Tabulation 

When determining the capacity of a batterer the different 
items may be tabulated as shown below; in which— 

L stands for "lever movements per day." 

C stands for "function constant. '* 

D stands for "days operated between charges." 

N stands for "number of units operated." 

AH stands for "ampere hours per day per signal." 

A stands for ' ' amperes. ' ' 

H stands for "hours energized per day." 

Functions LxCxD = ampere hours 

Cut-Outs %o X H X D = ampere hours 

Lighting Signals AH x N x D == ampere hours 

Auxiliary Apparatus A x H x N x D = a mpere hours 

Total of above = ampere hours 

Reserve to be added = .ampere hours 

Total capacity of Battery -= ampere hours 

When the Number of Lever Movements 

IS Not Known 

When it is not possible to ascertain the nimiber of lever 
movements to be made in a siven plant, the ampere hour 
capacity of battery required ror the operation of functloiui 
and for cut-outs can be secured from the following taUe; 
these figures include sufficient reserve to care for ordixuEY 
conditions. 



obnbrjU. railway signal company 



Siuollbotaliui 


BiKotBattorr 


St<> iebT«« 


40 uupue hour twttary 


IS to 331enn 


80 «inp«rB hour battBtr 


32 to 18W«i 


80 unpen hour batter)' 


48 to SSleven 


120 ampere hour battery 


8S to 138 loYBn 


160 ampere hour battery 


123 to 168 leven 


300 ampere hour battery 



The t&ble is based on past experience and is considered re»- 
Bonably correct for moderate size machines, the battery sizes, 
if anything, being somewhat high. The table is not extended 
for machines larger tlian 168 levers, as with such plants it la 
believed that special study of lever movements should be 
made in the determination of the battery size. 

If the signals are to be lighted and auxiliary apparatus 
operated from the interlocking battery, an additionaf number 
(» ampere hours must be added to the figures in the table, 
the calculation being made in accordance with the preceding 
iphs dealing with the capacity required for electnc 
■ and for miscellaneous puiposes. 
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G. R. S. BATTERY CHARGING SWITCH 
The battenr chargii^ switch illustrated by Fig. 108 provides 
a aimple and efficient means for connecting storage batteries 
in senes with chamng and dischai^ lines, permitting the 
batteries to be switched off or on to the line without opening 
the charginK circuit. 

During the manipulation of the switch, short circuiting of 
the battery w avoided by automatically insotii^ a resistance 
during the interval that the battery would otherwise be on 




Fio. 108. BiMxBi Chaboino Swirca 



short circuit, which resistance is ^ain cut out aa soon as that 
point is passed. 

Manipulation of the switch is simple, the four diSorent 
positions of the switch controlling the battery as follows: 

1 — Battery A discharging. Battery B chaining. 

2 — Battery A discharging, Battery B open. 
8 — Battery B diachai^ing, Battery A open. 

4 — Battery B dischargii^, Battery A charging. 
The charging switch is compact and substantial m design 
and BO arranged to permit of easy inspection. The commu- 
tator possesses a bieb degree of insulation. The contact 
C:es and fingers are large, being designed to take care of the 
vy currente necessary in this kind of work without beating. 
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DIRECT CURRENT GENERATORS 

General Description of Charging Apparatus 

DIRECT current generators of the shunt wound type are 
ordinarily used for storage battay charging. The 
capacities of the generators used in connection with the 
G. R. S. electric interlocking system run from 1 to 8 K. W., 
as shown in the table on page 159, the current being delivered 
at a potential ranging from 110 to 160 volts. 

Where commercial power is available, it is preferable to 
use a direct connected motor for operating the charging gen- 
erator. Where such power is not available, a gasoline engine 
is generally employed to drive the generator, either by means 
of belting or by being directly connected to the generator. 

The c&r^ng is generally controlled through the medium of 
a power switchboard equipped with a no-load, reverse-current 
circuit breaker, which opens the charging circuit if the gener- 
ator voltage drops below that of the batteries, thus preventing 
the generator from running as a motor on current delivered 
by tne batteries. 

A simplified charging circuit is shown by Fig. 110. In this 
circuit the generator is assumed connected for right-hand 
rotation; to secure left-hand rotation the field connection 
should be reversed. 

Setting up the Machine 

The generator should be located in a room which is as dry 
and clean as possible: a room which is hot and dusty should 
be avoided, particularly if the dirt is of a gritty character, as 
it is apt to injure the commutator and bearings of the machine. 

The machine should be in plain sight and have sufiicient 
room on all sides for easy access, care being taken that there 
is sufiicient room to permit taking out the armature. 

If the fiooring of tne power house is firm, the generator or 
motor generator set may be mounted on a wood block three 
or four inches thick, screwed to the fiooring ; if the fioor con- 
struction will not permit this, a concrete foundation should 
be installed. 

When Starting Generator for the First Time 

Before starting the machine for the first time, make sure 
that the main switch and circuit breaker are open (Fig. 110). 
Raise the brushes from contact with the commutator and 
examine them to see if they are in proper condition. Fill 
the bearings with oil. Make sure that the armature and field 
coUs of the generator have not become wet during shipment 
or while being stored; if any sign of dampness is noted they 
should be dried out, following the instructions on page 165. 

Run the generator light for a time, noting whether the oil 
rings are working properly, and if the generator is belt driven, 
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note whether the machine is so lined up that the belt runs 
central on the pulleys and the armature plays freelv back and 
forth between its bearixifi;s. At no-load the speed of the gener- 
tor should be slightly meh, so that at full-load it will come 
down to approximately that indicated on the name plate. 

After making sure that the commutator brushes are still 
raised, cut the rheostat fully "in'' and then close the main 
switch and the circuit breaker (Fig. 110). Cut the rheostat 
"out" gradually and then "in" s^gElint after which the main 
switch should be again opened. This procedure causes cur- 
rent to flow through the generator fields and insures the 
field coils having a proper residual magnetism. Replace the 
brushes on the commutator and shift the brush holder, if 
necessary, to bring the brushes to the "neutral" position. 
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Fia. 110. SxMPLxriED Chaboino CiBcnrr 

After the machine is running and has built up, the brushes 
should be rocked backward and forward until the point 
of minimum sparking is found. When the machine is run- 
ning under load this should be again checked and the position 
of the brushes shifted again u necessary; lock and leave 
brushes in this position. 

To Start the Charge 

See that the main switch and circuit breaker are open, and 
that the rheostat resistance is all cut "in." 

Get the generator up to speed and make sure that the 
brushes are in proper position and that the oiling rings are 
workins properlv. 

See uiat the bdt has the proper tension; that is, it should 
be as loose as possible and yet not slip or tend to run off the 
pulley with load on. 

Cut the rheostat resistance "out" until the voltage is a 
littie higher than that of the battery, being sure that the 
voltmeter needle deflects in the same dssicXKsyci Vst X^"^ 
generator and battery (see switcli "^o. 1, ^^Ssf,, WS^- ''^^«>a. 
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latter insures that the positive terminal of the generator wiU 
be connected to the positive pole of the battery. 

Close the main switch ana circuit breaker and adjust the 
rheostat imtil the proper amount of current is flowing into 
the battery, also adjust the brushes if necessary for mimmum 
sparking. It will be necessary to change the adjustment ct 
the rheostat occasionally as the battery cluu^ng increases, in 
order to maintain the cturent at the proper amount. 

To Shut Down 

To shut down, lower the voltage by cutting "in '' the rheostat 
imtil the circuit breaker on the switchboard opens of itsdf 
and then stop the en^ne. If no circuit breaker is provided, 
wait until the current is practically at zero before opening the 
main switch on the battery. After the machine has stopped, 
relieve the tension on the belt so as to prevent it from stretch- 
ing during such time as the machine is standing idle. 

General Instructions 

It is hardly possible to give detailed and complete instruc- 
tions in these pages for locating all the troubles which may 
arise in the use of such apparatus. The type of machine 
used for charging storage batteries is so simple, however, that 
by adhering to tne following general instructions, it is beUeved 
that sati^actory operation of the machine will be obtained. 

The generator snould be kept perfectly clean and dry and 
should not be unnecessarily exposed to dust. This can best 
be accomplished by throwing a waterproof covering over the 
machine when not m use. 

Do not overload the machine. To load the machine beyond 
the capacity indicated on its name-plate is never conducive 
to best operation, this bein^ the irequent cause of over- 
heating in the machine, sparking at the commutator, or other 
troubles. 

Overheating the generator may be readily detected by 
applying the nand to the various parts of the machine; in 
general a temperature that cannot be borne by the hand is to 
be considered excessive. An odor of burning varnish is indi- 
cative of serious overheating, and a machine which shows this 
rptom should have the foad removed at once; rotation of 
armature mav be continued with the fields de-energized 
for the purpose of cooling the machine. 

The bearings should oe kept thoroughly lubricated with 
the best grade of lubricating oil. While the machine is run- 
mng, care should be taken mm time to time to see that the 
oiUng rings are working correctly. 

P^uticmar attention should oe given to the commutator 

and brumes to see that the former keeps perfectly smooth 

and that the latter are in perfect adjustment. The commuta^ 

tar should assume a dark orown, glossy appearance, if proper 

brashes are used and are kept trom fsgaxVax^, ^sid if the 
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capacity of the machine as indicated on the name plate is not 
exceeded. The condition of the commutator and brushes may 
be regarded as the best barometer of the condition of the 
generator. 

The free use of hibricants on the commutator is not recom- 
mended. In cleaning the commutator a tightly woven cloth 
(fr^ from lint) or chamois skin, should be used and the 
commutator then wiped with a rag which has a little vaseline 
on it. 

To fit the brushes to the commutator draw No. 00 sand- 
papcar under them, smooth side to the commutator, as^ shown 
m Jig. Ill, the brushes to bear on the sandpaper only when 
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COMMUTATOR 

Fio. 111. Method of Fittinq Brushes to Commutator 

it is being drawn in the direction in which the surfoce of the 
commutator will run when the machine is in operation. After 
the brush is shaped to the conmiutator finish up with No. 
sandpaper and thai carefully dean the commutator and 
brushes of all parddes of dust or grit. 

The brushes shipped with the machine are ordinarily best 
adapted to the work and othor brushes are liable to cause 
trouble. A little oil may be applied to the brushes should 
they become dry and noisy. 

U the armature or fidd coils of the generator should become 
wet, they should be thoroughly drieaout bcsfore running the 
machine under load as the moisture is liable to damage the 
windings. The coils of the machine may be dried out by 
baking in an oven at a temperature of 240 degrees Eahr. 
for several hours, or if an oven is not avsdlable thev ma^ 
be dried out by placing near the fire. Another method is 
to run the generator for several bourn ^thsra^ «us^ixi% >^s^ 
fidd. 
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Generator Fails to Build Up 

One of the common troubles which occurs in the operatinjg 
of generators is the failure of the machine to build up. This 
failure may be generally attributed to one of the following 
causes: 

1. Open circuit due to a broken wire, faulty connec- 
tions, brushes up, fuse blown, open switch, etc. 

2. Reversed connections in field circuit or reversed 
direction of rotation. 

3. Excessive resistance due to poor brush contact. 
Brush contacts often have an excessively high resistance 
when generator is first started, and a momentary pressure 
of the fingers on the brush or brushes may enable the 
machine to build up. 

4. Weak, destroyed or reversed residual magnetism. 
To restore residual magnetism send current from battery 
through the fields in the proper direction. 

5. Brushes not in their proper position. 

6. Short circuit in the machine or in the external 
circuit. 



R. S. A. SPECIFICATIONS FOR ELECTRIC 

GENERATOR (1910) 
1. Material 

(a) The generator shall be shunt wound, self-excited, shall 
have self-oiling bearings, carbon brushes, rheostat, and 
when belt connected, a belt tightener, sub-base, and puUey. 

(5) The normal or rated speed shall not exceed fifteoi 
hundred (1500) r. p. m. except when direct connected to an 
a. c. motor or steam turbine. 

(c) The generator shall have a continuous current 

capacity* equal to the eight (8) hour rate ( 

ampere) of the battery, at a voltage equal to the maximum 

voltage ( volts) of the battery on chaxf^e, 

without a rise in temperature in any part exceedmg 
seventy-two (72) degrees Fahr. (40® C.) above the tem- 
perature of the surrounding atmosphere. 

id) It shall be so wound that its voltage at the con- 
tinuous current rating given above, may be varied by 
means of a field rheostat between the minimum and the 
maximum charging voltage of the battery. 

(e) The generator shalfbe capable of supplying for four 
(4) hours a current output twenty-five (25) per cent, in 
excess of the continuous current capacity referred to in 
above without a rise in temperature m any part exceeding 
ninety (90) deerees Fahr. (50® C.) above the temperature 
of tiie surrounmng atmosphere. 

(/) It is understood that the temperature of the suiv 
rounding atmosphere is to be baaed on BGN«ivt.Y-«even (77) 
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degrees Eahr. (26° C.)> but should the temperature varv 
from this, corrections shall be made in accordance with 
the recommendations of the American Institute of Elec- 
trical Engineers. 

(g) The current output of the minimum allowable gen- 
erator shall be that required for the operation of two (2) 
switches simultaneously. 

(h) With the brushes in a fixed position, the generator 
shall be practically sparkless imder all operating condi- 
tions, as outlined above. 

({) These generator specifications describe a machine 
which, in normal power interlocking service, will have an 
ample overload capacity to meet general requirements. 
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GASOLINE ENGINES 
General Description 

GASOLINE engines, used ia the charging of moderate 
sized storage batterieB, are generally of the single 
cylinder four cycle type, water cooled and equipped 
with the "Make and Break electric ignition. The vertical 
type engine is lubricated by the crank dipping into an oil 
Inth in the base of the crank case; oil and greaae cups 
are further provided for lubricating parts not bo cared 
for. 

The operation of the engine is maintained at a constant speed 
by either regulating the mixture of gasoline vapor or by 
varying the numbra' of power impulses as soon as a certain 




C- Supply Pipa r- Valve 

& Exhaust pfpe - Digin* fo Zxbaust ftst 

Fio. 114, Water Cojjhectionb fob 

Gaholinb Ehqine Usihq 

CooLiNO Tank 



»>eed is exceeded ; the engines so controlled are known as the 
_ Throttling Governor" or the "Hit and Miss" types, respect- 
In a common type of engine used for this work, a pump 
supplies gasoline to a reservoir, an overflow pipe being con- 
nected with the reservoir to maintain the gasoline at a uniform 
height. At the proper time in the cycle of operation, the 
engine piston bucks air through the air inlet pass^e and at 
such a velocity that gasoline is picked up from the reservoir 
and drawn through an adjustaole nozzle into the cylinder 
head, the gasoline mixing with the air to form the required 
e^iosive vapor. 
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Location of Engine 

In locating the engine, at least two feet should be left on 
all sides of engine for convenience in starting and for having 
sufficient room to make necessary adjustments and repairs. 

The gravity system of circulation is generally usea for the 
cooling water. With this sjrstem, the tank for the cooling 
water is generally placed on the floor, as shown in Fie. 114 ; best 
results are seciured, however, by having the tank elevated 
enough to bring the bottom above the lower water opening on 
the engine cylmder. Connections shoidd be as shown, large 
enough piping being used to permit free circulation of the 
water. Valves F-F must be inserted in the pipe line to permit 
drawing off the water from engine in freezing weather without 
emptying the tank. 

The gasoline tank should be located outside of the building. 




^ 



Fia. 116. Gasoline Tank Location 



and with engines equipped with a gasoline pump, the tank 
should be placed at a lower level than the engine, so that when 
the eneine is idle the gs^line will drain back into the tank. 
In making the connections between the gasoline tank and 
engine, care must be taken to wash out all piping and joints 
with gasoline to remove any loose matter or scsile from the 
interior of such connections. 

To Start Engine 

See that engine is properly oiled and that water and gasoline 
valves are turned on. Pump gasoline into reservoir. Fill 
priming cock on head of cylinder; this may not be necessarv 
m warm weather. Make sure that spark lever is in ''retard 
or ''late" position, then close switch to ignition circuit. 

Turn engine fly-wheel in normal direction of rotation. 

After iffnition occurs, remove starting crank, advance sQ&rk 
lever to early" position and TeEu\ate \}afe >i)Ktci\i(Xfc n^^^nj^. "S5^ 
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will be found that this last adjustment varies with the tem- 
perature, requiring much coarser adjustment with cold weather 
than with warm. 

Load should not be thrown on the engine until after it is in 
operation. 

To Stop Engine 

Close throttle valve and open switch on battery. If it is 
freezing weather, water should be drawn off from engine. 



GASOLINE ENGINE TROUBLES 

Ignition Troubles 

Engine misses or fails to start 

(a) Weakened Batteries. 

(6) Strong Batteries, but with following defects: 

1. Switch in "off" position. 

2. Insulation on wire worn, causing short circuit. 

3. Circuit open by broken or loose connections. 

4. ''Make and Break" mechanism inoperative, due 

to broken spring, bearing stuck, etc. 

5. ''Make and Break ** mechanism contacts fouled. 

6. "Make and Break" adjustments incorrect. 

7. Broken down spark coil. 

Carburetion Difficulties 
Engine misses or fails to start 

(a) Fuel Supply — tank and pipe line: 

1. Throttle valve closed. 

2. Tank empty. 

3. Tank vent stopped up. 

4. Gasoline pimip moperative. 

5. Grasoline pipe plugged. 

6. Water in gasoune. 
(&) Mixture too rich : 

1. Tlurottle valve adjustment incorrect. 

2. Air passage clogged, 
(c) Mixture too weak: 

1. Throttle valve adjustment incorrect. 

2. Spray valve partially stopped up. 

3. Intake pipe leaky. 

Loss OF Compression 
Engine misses, looses power, or fails to start 

(a) Improper valve operation: 

1. Valves do not lift at proper time; due to loosening 

or stripping of gearing on cam or crank shafts. 

2. Vdves fan to seat properly or too slow; due to 

weak spring. 
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8. Worn cam followois, cams, push rods, etc. 
(&) Leak^ piston rings. 

(c) Priming valve open or leaky. 

(d) Leak in cylinder head packing. 

(e) Failure of lubricating rarstem (engine hot) : 

1. Oil valve shut off. 

2. No oil in oil cups. 

3. Oil drained out of crank case (vertical engine). 
(/) Failure of cooling system (engine hot) : 

1. Valve in water piping closed. 

2. No water in cooling tank. 

3. Water below normal level (gravity system of 

circulation). 

4. Water piping plugged. 

5. Piunp out of order (forced circulation). 

Cannot Crank Engine 

(a) Engine heated due to failure of lubricating or cooling 

systems. 

(&) Crank or connecting rod bearing overheated or seized. 

Ic) Piston overheated or seized. 

(d) Timing ^ears broken or jammed. 

(e) Connecting rod disconnected, broken or bent. 
(/) Crank shaft broken or bent. 

(g) Water in pump frozen (force system of water circu- 
lation). 

Mechanical Difficulties 

Engine misaea, looses power, or fails to start 

(a) Externally apparent: 

1. Valve sprine weakened or broken. 

2. Valve stem bent, broken, or gummed. 

3. Valves leaky (carbon on seatS). 

4. Valve stem and cam-follower always in contact 

(no clearance). 

5. Muffler or exhaust pipe obstructed. 

(b) Internally apparent: 

1. Cylinders or valves carbonized. 

2. Piston rings gummed or broken. 
8. Leaky piston rings, slots in line. 

4. C!am head worn, shifted or broken. 

5. Piston head or cylinder wall cracked. 

6. Piston rings and cylinder wall scored. 



Loss OF Power Without Missing 

(a) lenition system adjustments wrongly set. 

(b) Carbureter adjustments wrongly set. 

(c) Lubricating system op>erating imperfectly. 

id) Cooling system operating imperfectly, 

e) Poor valve operation. 

(/) Batterie9 weakened, giving i^qot v^Vl. 
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(g) Mechanical difficulties, such as worn valve connections, 

etc. 
(h) Intake pipe leaky, 
(t) Muffler or exhaust obstructed. 
(j) Engine bearings overheated. 



EDITOR'S NOTE 

Above articles baaed on data fumiahed by Fairbanka-Mone & 
Company. 

R. S. A. SPECIFICATIONS FOR GASOLINE ENGINE 
WITH FUEL AND WATER TANKS (1910) 

1. Engine 

(a) The recommended brake horse power of the gasoline 
engine shall be not less than one and three-fourths (1%) 
times the kilowatt capacity of the generator at the maxi- 
mum voltage and the eight (8) hour charging rate. 

(&) The engine shall run without injurious vibration and 
shall operate continuously at Manufacturer's specified 
capacity for a period of sixteen (16) hours without injurious 
heating in an^r part. 

(c) Regulation in speed shall be within three (8) per 
cent, from no load to full load and the regulation as re- 
corded on the voltmeter for a given current shall not vary 
more than two (2) per cent, between impulses. 

{d) Electrodes on the engine for electric ignition shall be 
tipped with platinum or an equally serviceable ^material. 

(e) Manufacturer's standard exhaust muffler shall be 
provided. 

(/) Engine and accessories shall be acceptable bv and 
installed under the rules of the National Board of Fire 
Underwriters and the attached requirements of local 
authorities. 

(g) Engines of twenty-five (25) horse power or less shall 
not exceed a speed of four hundred (400) r. p. m. 

2. Tanks 

(a) Gasoline tank of gallons capacity shall 

be furnished. Fuel and cooling tanls shall oe made of 
iron or steel with brazed or riveted seams. 

(&) Tanks shall be galvanized after they are put together. 

(c) For tanks either for fuel or water, selection shall be 
made, when practicable, from the following table: 



Qallons 


Incheein 


Ineheeln 


Gauge metal 


caiMtcity 


diameter 


length 


Head Body 


66 


18 


68 


14 16 


120 


24 


66 


12 14 


500 


3d 


120 


10 12 



As a guide in ordering tanks, it ia ^ood practice to con- 
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aider that it will require one-tenth (^o) of a gallon of gaso- 
line per horse power hour for gasoline engines. 

(d) For cooling, the minimum of free running water 
should be not less than ten (10) gallons per horse power 
hour, and for the circulation tank system not less than 
fif^ (50) gallons per horse power. 

(e) BufSeient piping shall be furnished to locate the 
gasoline tank feet from the engine. 

(/) Unions in all piping shall be equipped with ground 
brass seats. 

(a) Unless otherwise specified, an iron or a steel cooling 
tank of sufficient capacity for a continuous run of ten (10) 
hours on one (1) filling, with connections and removable 
cover, shall be furnished. Connections between eneine 
and tank shsdl be arranged for convenient and complete 
drainage of the cooline system, for independent drainage 
of the engine and tank, and to conduct all waste water 
and steam to the outside of the building. 

(h) When engine is installed in same building with 
storage batteries outside air intake shall be provided. 
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Fio. 131 

LioBTiNo Panel wrra Thbbb 

Double Pole, Single 

Throw Switches 




Fia. 132 

Lighting Panel with Ten 

Single Pole, Single 

Thbow Switches 




Fig. 133 

Lighting Panel with Five Single 

Pole, Single Throw Switches 

and One Double Pols, 

Double Throw 

Switch 




Fio. 184 

Liohtino Panul with Two 

Double Pole, Double 

Thbow Switcheb 




FiQ. 135 

Lighting Panbl with Fous 

Single Pole, Doublb 



SECTION VII 



NSTALLATION AND OPERATING DATA FOR 
ELECTRIC INTERLOCKING MACHINES 



COVERING INSTRUCTIONS FOR INSTAL- 
LATION AND MAINTENANCE; ALSO 
DATA FOR THE APPLICATION AND 
OPERATION OF LEVER LOCKS 



INSTRUCTIONS COVERING THE INSTALLA- 
TION AND MAINTENANCE OF THE 
MODEL 2 ELECTRIC INTER- 
LOCKING MACHINE 

Shipment 

BEFORE shipment the interlocldng machine is assembled 
complete in every detail and subjected to a rigid electric 
and mechanical test. It is then partly disnissembled, 
the levels, lever tappets and locking, the legs and lower tiers 
of locking plates (ii furnished) being boxed separately from 
the body of the machine. This latter is then divided into 
sections of approximately forty lever spaces and boxed 
on skids for shipment. Before boxing, all machined parts 
are wiped dry and coated with vaseline to guard against the 
effects of rust during. transit. 

Storing 

Upon the receipt of the machine it should be stored in a 
dry place. If some time passes before the machine is set up 
and there is any chance of its different parts rusting, these 
parts should be wiped dry and recoated with vaseline. 

Installation 

The first step in the assembly of the machine is to bolt the 
sections to their supporting legs and the various sections to 
each other. The legs are numbered and the machine beds 
marked to correspond. Extreme care should be taken in 
slumming up imder the le^ to insure accurate alignment of 
the bed and an even distribution of the weight on the sup- 
porting legs. Failure to do this, especially in a large machine, 
IS very likelj^ to result in binding between the various parts of 
the mechamcal locking. 

The second and third tiers of locking^ plates, if used, should 
be assembled on the machine, care being taken to place the 
templet furnished for the purpose in the horizontal and vertical 
locking slots before dowelii^ the locking plates to their sup- 
port. Never file the screw holes when mounting these plates 
since this is not necessarv if the bed has its correct alignment. 
To permit of ibe plates being placed in the same location as 
when the machine was assembled in the factory, the second 
tier of plates are numbered 1, 2, 3, etc., h*om left to right, and 
the third tier lA, 2A, 8A, etc., also from left to right. 

The locking should then be assembled in the locking plates 
and the lever tappets placed in their proper positions. Each 
locking doff is stamped with the number of the tappet with 
which the doe is to engage and the locking bars with numbers 
to correspond with the slot in which they are to be \^l8A»d.^ 
these slots being numbered in sequence ttoxci \}Ci^ \;s^ <!^ ^^^^ 
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locking bed to the bottom (thirty-two slots per tier of lockiitts). 
Each tappet is stamped with the number of the lever to which 
it is to be attached. 

The levers should then be placed in their respective guides, 
and worked back and forth to insure that they operate fredy, 
that they are checked at the normal and reverse indication 
points, and that they can be moved to the full normal and 
full reverse when indicated. (Signal levers are not indicated 
on the reverse movement.) The circuit controllera and 
tappets should be carefully fastened to their respective levers, 
and the levers tried for freedom of movement with all worldng 
parts connected. 

The buss bars, buss wires and the connections between the 
individual polarized relays, which have been separated during 
diipment, should be securely connected by joining the short 
leads provided on the machine for the purpose. 

Testing 

A careful test should be given to the mechanical lockup 
bv setting up the various routes in accordance with the track 
plan or manipulation chart, testing the various levers in the 
route to see tnat they are locked and likewise testing all levers 
which conflict with the given route. This will insure that 
none of the locking parts have been omitted in assembling. 

When wiring up the interlocking machine it is well to check 
up the controller contacts to see that all special contacts 
called for by the wiring plans have been provided. 

The lever and its connections will be checked up as the 
individual functions are tested out; i. e., the completed opera- 
tion of the function normal and reverse, shows tnat the lever 
wiring is correct, its controller springs making good contact, 
that the indication magnet operates properly, and if the func- 
tion is a switch, that th^ indication selector also is giving 
proper operation. If desired, a check can be secured on the 
polarized relays by making the cross protection tests described 
on page 94. 

Maintenance 

The maintenance of the interlocking machine principally 
consists in keeping the machine cleaned, all connections tight, 
and of wiping witn an oiled rag at stated intervals such parts 
as are liable to rust. 

When cleaning or oiling the locking, it should not be re- 
moved from the interlocrang machine. Use only high-grade 
oils, such as "3 in One," "Hydrol" or "Polar Ice." 

Commercial fuse wire should not be used to replace the fuses 
furnished with the machine, since commercial wire is not 
carefully graded and may carry a much larger current without 
melting than the fuses secured from the manufacturer. 

As a general statement, it may be said that the operation ci 
the v&noua Auctions is a good check on the condition of the 
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contacts and various mechanical parts on the interlocking 

madiine to fatBure tliat all parts arek^t in the best condition. 

As mentioned atiove, the opoator may assure himself as to 
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INSTRUCTIONS FOR CUTTING AND TESTING 

NOTCHES FOR LEVERS CONTROLLED 

BY LEVER LOCKS 

WHERE lever locks are applied to machines before ship- 
ment from the factory, the notches are cut in the 
levers as nearly right as possible, it being imderstood 
that before the machines are put into service on the groimd 
the clearance will again be checked up by test and the 
notches cut out further, if necessary, to give the proper clear- 
ance. This clearance should be at least equal to tnat indi- 
cated below when the lever in question is locked by other 
levers through the medium of tne tappet locking, and also 
when said lever is pidled or pushed hard in either direction 
to take up all lost motion, the lever latch being lifted at the 
time. 

The lever should be tested as above for clearance for every 
combination that locks it. 

In making the test for clearance, proceed as follows: 

With the lever full normal (Fig. 139), set up some one com- 
bination that locks it; lift lever lock (A) by applying current, 
also the lever latch (B), and pull the lever strongly toward the 
reverse position, as indicated by the arrow, thus taking up all 
lost motion, and then with a scriber mark this position of the 
lever. Then drop the lever lock by cutting off the current, 
release mechanical locking that is holding the lever, and again 
pull the lever toward the reverse position until it takes up 
a^inst the lever lock, and again mark the position of the lever 
with a scriber. The distance between tnese scriber marks 
will then tell the clearance '' D " existing. Repeat this process 
for every combination that locks the lever in its normal posi- 
tion, and if the clearance ''D'' thus found is less than one- 
eighth inch, the notch in the lever is to be cut out further to 
give the proper clearance. 

Then with the lever full reverse (Fig. 140), set up some one 
combination that locks it; lift lever lock (A) by applying cur- 
rent to it, also the lever latch (B), and push the lever strongly 
toward the normal position as indicated by the arrow, thus 
taking up all lost motion, and then with a scriber mark this 
position of the lever. Then drop the lever lock by cutting off 
the current, release the mechanical locking that is holding the 
lever, and again push the lever toward the normal position imtil 
it takes up against the lever lock, and again mark the position 
of the lever with a scriber. The distance between the two 
scriber marks will then tell the clearance "D " existing for the 
reverse position of the lever. Repeat this process for every 
combination that locks the lever in its reverse position, and 
if the minimum clearance ''D'' thus found is less than thre&- 
edxteentba inch, the notch in the lever is to be cut out further 
to give the proper clearance. 
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Tests must also be made to determine that the clearance (C) 
is sufficient to permit the lock to drop into its notch when the 
lever is pushea as far normal as it is possible to ^et it, or is 
pulled as far reverse as it is possible to pull it. This clearance 

C" can be checked by causing the lock plunger to be raised 



•LEVER LATCH B 

-FIXED STOP FOR LEVER LATCH B' 

-LOOK PLUNOER^A" 

-nXEO GUIDE FOR LOCK PLUNOErV 

REVERSE NOTCH 




♦-TAPPET BAR 

Fia. 139. Notching or Lever for Lever Lock. Normal Position 



FIXED OUIOE FOR LOCK PLUNOER A 



LKK PLUNOER A 




tmOE FOR TAPPET BAR 
TAPPET BAR 

Fio. 140. NoTCHiNO OF Lever for Lever Lock. Reverse Position 



and lowered, bv making and breaking the circuit thus applying 
enei*gy to the lock, and if the plunger drops into the notch it 
is known that the clearance is there. 

In cutting the notches see that the comers are left square 
and the surmce that comes against the lock plunger is vertical, 
so that there may be no tendency to force tueVy^VL'^Vas^si^st ^x^ 
by pulliz^ i2ard on the lever. 
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Test each lock b^ putting on and taking off current several 
times to see that it works properly. If proper, its operation 
will be quick and sharp. 

Interlocking levers should be tested periodically when in 
service, in accordance with above instructions, to see that 
sufficient clearance exists between the lock plunger and the 
notch in the lever. 

It will be sufficient if above inspection is made once a year. 

When lever locks are applied to interlocking machines after 
they have been installea it is sometimes necessary to get 
additional clearance between the lock plunger and the lever 
euides. This is to prevent the plunger from sticking to the 
lever guides when the lock is energized. 

The lever guide should be marked and chipped where 
necessary, so that no part of the lever guide will oe closer to 
the pluneer than one-eighth inch. 

Tne chipping should be done with a light hammer and a 
small cape chisel, and every precaution snould be taken to 
prevent the chips of iron from getting into the indication mag- 
net coiLs. 



ENERGY DATA FOR INDICATION MAGNETS FOR MODEL 2 

INTERLOCKING MACHINE 



Indication 
Magnet for 


Ohms 
Reals. 


For Satisfactory Opkration 1 


Should Indicate on 


Should not Indicate on 


Volts 


Amps. 


Volts 


Amps. 


Solenoid Dwarf, . . 
Model 3 Signal, . . 
Model 2A Signal. . 
L. V. Battery,. . . 
Switch Macdiine, . . 
A. C. 26 Cycles, . . 
A. C. 60 Circles, . . 


800 
1.42 
6.80 
13.60 
1.42 
7.00 
7.00 


90 
1.85 
3.06 
4.35 
1.85 

35 

85 


.112 

1.30 

.45 

.32 

1.30 

« • • • 
• • • • 


50 
1.28 
2.58 
3.40 
1.28 

• • • • 

• • • • 


.0625 

.90 

.38 

.25 

.90 

« • • • 

• • • • 



Note. — Values given above are for magnets mounted on interlocking 



machine. 
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Volu 


14. S 


360 


6.2 


35 


23S 


S 


76 


173 


13 


120 


133 


IS 


ZGO 


120 


30 


1400 


46 


64 


ISOO 


53 


SO 



Nora. — Valiica nven la at 
will opeivto. Add 10 per ci 



''^ST" 


Fr-Q1«B*7 


VO,« 


B.« 


25 cycl« 

eoorcUi 


as 



will aiiA«t& Add 10 p«r eeot. lor practical opvnAuin. ^>tov v 
njiulf M iwr oant. oT the minimuin op«nituic voUaCB. 



SECTION VIII 



^STALLATION AND OPERATING DATA FOR 

SWITCH MECHANISMS 



COVERING INSTRUCTIONS FOR IN- 
STALLATION AND MAINTENANCE, 
ENERGY FIGURES, CLEARANCES 
REQUIRED, DIMENSIONS, TIE 
FRAMINGS, STANDARD LAYOUTS, 
AND TYPICAL CIRCUITS; ALSO 
DATA ON DETECTOR BAR FIT- 
TINGS, SWITCH CIRCUIT CONTROL- 
LERS AND BRIDGE CIRCUIT 
CLOSERS 



I 



INSTRUCTIONS COVERING THE INSTALLA- 
TION AND MAINTENANCE OF THE 
MODEL 2 SWITCH MACHINE 
SroRiNa Mex;hani8us 

AX mechftniams and motors should be placed right side 
up on timbera to raise them above the ^uund. The pole 
changai should be housed In a dry place. 

Installation 

Id tni^dng the installation, the first operation ia the framinE 
of the ties. This should be in accordance with the plan 
shown by Tig. 142. All slots cut into the ties should be care- 
fully cleaned of dirt, chips, etc., before the tie plate is put 
down and the gearing assembled. 

Unless special features are required, all holes in the tie plate 
are drilled before leaving the factoiy, with the exception of 
those for the toe and slide plates. Tliese should be so located 
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that, when the slide plates, toe plates, and rail braces are in 
place, the proper track/sauge will be ri^dly maintained. 

The vanous parts of the switch machine, with the exception 
of the locking plunger, should then be assemble. In placing 
the motor, care should be taken to secure proper alignment of 
the connection between the motor and main gear. 

The throw and lock rods may be connected at this time and 
the lock plunger holes in the throw rod drilled. The lock rod, 
however, shomd not be drilled until it is certain that the track 
has its final alignment and the rail braces have been fitted, 
thus insuring that there will be no change in the relative 
position of tne switch points and switch mechanism. Special 
care should be taken when marking the lock rod to see that the 
switch points are brought tightly up against the stock rail. 
The most accmate method of marking the rods is to withdraw 
the lock plunger and to insert in its place a piece of steel 





Fig. 144 Fio. 145 

Fields in Series. Fields in Multiple. 

Wiring fob Motors, Model 2 Switch Machine 

tubing' having an outside diameter of one inch, this tube 
being pointed so as to make a clear cut mark on the surface of 
the rod. After putting the machine in service, the top of the 
lock rod should be notched slightly, as shown by Pi, P,, Ps and 
P4 in Fig. 146, to permit of a quick inspection being made as 
to its accurate adjustment. 

In wiring the machine, suitable conduit should be installed 
to protect the wires running between the trunking and motor, 
ana the motor and pole changer. 

Adjustments 

Before making any adjustments with the machine wired up, 
the brushes should be raised from the motor armature. 

It is necessary that the detector bar be disconnected while 
making adjustments 1 and 2. 

1. Flunger Connection. 

With the machine placed in either extreme ^^oeltAfi^ <^;Su^ 
is with stud F at either end of the etaroVLe Vn caxck qxds^^^<» 
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lock fnune (aee Fig. 146). This adjtiatnuot never vmrisH, il_ 
it should not be changed after once being made coneetly. U 
incorrectly made it is liable to cause indication failive. 
2. Pok Changer Movement, 

When locating pins in the lock rod K for the aperaXioa of the 
pole change movement, move the switch "M"***™" to the 

" ■ " wtlat 

:. 146). 



extreme position as shown in Fig. 148. Locate pin Q. so 
link R wQ] just clear cap S, by five-sixteaith inch (Fig. 1 




Then throw the switch to the other extreme poddoB and 
locate pin Qi in a similar mann^. When aaaonbling tlw 
pins on the lock rod, drill, tap, and countcrmnk the lock rod as 
shown in Fig. 148. 

8. Pole Changer Conneelvm. 

Any lost motion between the pole changer movement L and 
the pole chwngtr B must be equal at the full normal nod full 
reverse pomtion of the switch machine. To secure this, adjust 
the connecting rod M with the switch machine in either of ita 
extreme positions. Teat with the machine lirst in the taD 
aonaaJ poation and then in the full revcne position, puihinK 
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and pnlHiw the rod U ■bxmKlr to determme the toUl diatanee 
it is poadEle to be moved. Repeat the adjuatmeDt until the 
deilred reault ia obtained. This adjustment never varies in 
service and It should not be changed after once being made 
correctly. If It is not made correctly it is very liable to pre- 
vent the indication being given on the movement of the switch 
to the position where the greatest lost motion ezista. 

4. Pol» Chmifier Cotimuttatar. 

The commutatar T (Fig, 147) murt revolve fredy in Its 
bearings, care bong ts^ea that the contact springs U|, U. 
and Ui do not have so much tension as to prevent spring V 
from snapping the commutator over. Adjust so that with 
machine nul normal or reverse, roller W and pin X are in the 
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relative podtions shown. The adjustment of the commutator 
roust be such that the snapping action will take place at such s 
time that the amount of movement in the contact blocks Z, 
and Z,, which precedes the snapping action, will be equal for 
the mnmHl or reverse movement. To be certain that this 
result is obtained It will be necessary to move the mechanism 
a number of times by hand very slowiy. Failure to have the 
adjustment right will be almost certain to result in damage to 
the insulating cylinder, due to arcing between the contact 
s|M4ng and the contact cylinder, and may prevent indication. 

The contact qirings U| and U| are provided with slots which 
will permit tbe firings, when resting on the insulated portion 
of the comnmtator, to be centrally located. 

After the commutator adjustments have been completed and 
inaehlne woriced sufficiently to inmire comcft. andium, ^^ncnrt^ 
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one of the set screws from the collar Y, drill into the aihaft 
and replace the screw, running it down until it locks the oom- 
mutator to its shaft; repeat this operation with the odwr 
screw located in the collar. 

In connecting up the operating coils to the contact Bprum 
Ui and Us, be sure to see that when the commutator is in ra 
full normal or full reverse position, the contact spring: which 
rests on the metal cylinder does not carry current, lliis can 
be done by lifting it cdightly; if a spark results it shows that 
the contact springs shomd be interchanged. 

6. Throw Rod. 

The nuts on the throw rod must be placed so that the switch 
points will be brought up against the stock rail snugly, bat 
not screwed up far enough to put any unnecessary strain on the 
rod. Under normal conditions, with the throw rod adjusted 
as above, a single switch or derail should permit of hood 
operation (without the aid of a wrench or tomm^r bar) by 
turning the intermediate gear Dg. If it is not possible to do 
this, steps should be taken to get the switch into this condition. 

6. Lock Rod, 

The drilling of the lock rod should be such that the lock 
plunger will enter either hole with the switch full normal or 
full reverse, but will be prevented from entering if a piece of 
metal one-eighth of an inch thick is placed between the switch 
point and the stock rail. 

7. Detector Bar. 

To adjust the detector bar, place it in the desired position 
relative to the top of the rail and adjust the connection N to 
such a len^h that with the switch machine in either extreme 
position, pin may be inserted without changing the position 
of either the detector bar or switch machine. 

8. Clutch. 

The nut on friction clutch C, by which the compression of 
the spring is increased or diminished, should be locked in a 
position which will enable the motor to operate the switch 
under normal conditions, but will permit the clutch to slip if 
there is an obstruction in the switch points. This is deter- 
mined by starting with the nut unscrewed and gradually 
tightening it up until the motor operates the switch without 
any slipping of the clutches. 

Before any adjustments are made on the friction clutch, 
separate the cones from the pinion and oil the clutch cones. 

Testing 

The preferred method of testing the operation of the switch 
mechanism is to operate it by hand, making sure that the motor 
brushes are rais^ before attempting to move the machine. 
This method should be employed as a regular practice. 

If it should become necessary to operate the switch by 
power, the tests on the switch machine should be carried on 
under the protection of the opecatmsi^ \cn^, ^\i^»^««r«c the 
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conditioiis are such that the levennan can readily receive and 
act on signals given him by the man on the ground. 

On the rare occasions when it is not practical to conduct 
the test under the control of its lever, power may^ be applied 
locally by taking both control wires off from their respective 
binding posts (for contact springs U4 and Us, Fig. 147) in the 
pole changer, and having nrst connected Earing U, with a 
short piece of wire to the open control contact spring (spring 
U4, Fig. 147), current may be sent through the motor by pbtc- 
ing the energized control wire in connection with the other 
control contact spring (spring U5, Fig. 147) ; with these con- 
nections the mechanism will be brought to rest upon the com- 
pletion of its movement without shock. Reverse these con- 
nections to secure operation in the opposite direction. 

After the machine is completely aajusted, safety requires 
that it should be operated m>m the interlocking station sev- 
eral times, making sure that with the lever in its normal posi- 
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Fia. 148. Drilling for Pinb Qt and Q, in Lock Rod K 

tion the switch points will correspond with their position as 
shown on the track plan. 

Maintenance 

1. Mechanism. 

When inspecting the switch machine always note the posi- 
tion of the lock plunger relative to the face of lock frame. If 
it is not flush with tne outside face of the lock frame, make 
sure that stud F is in the comer of cam crank* E. With the 
switch adjusted correctly and the stud F at the end of its 
travd, there are two conditions which would be responsible 
for the plunger not reaching its proper position. 

First — The rails may have shirted and altered the throw 
of the switch points, which will put an unusual strain on the 
switch macMne and prevent the full movement of the lock 
plui:^er. This will be determined by operating the switch by 
nan£ 

Second — The detector bar may have been thrown out of 
adjustment by the shifting of the rails, this preventing the 
generation of the indication current. Necessity for readjust- 
ment is determined by disconnecting the bar, placing it 
in proper position and the switch machine \tv ^tVifisc ^t^^x^^ 
poffltion; if it is not possible to Tep\ai<^e \Jaft ^\3a^ ^ ^>iOosi\ii^ 
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moving either the machine or detector bar, the connections 
should be readjusted. 

On each inspection examine the friction clutch to see that it 
sUps properly on overload. 

2. Motor, 

The motor commutator or brushes should not be disturbed 
unless found necessary. If the commutator becomes dirty, it 
i^ould be cleaned with chamois skin moistened with oil, a^ 
surplus oil being wiped off the conunutator by a dry piece of 
chamois. 

If it becomes necessary to put a new brush into a motor, 
the brush after being put in position should be seated to the 
commutator by drawing thin, fine sandpaper under the brush, 
at the same time pressmg the brush a^inst the commutator; 
the smooth side of the sandpaper should be against the coi&- 
mutator. Use for this purpose "00 Single Finishing Hint 
Sandpaper." 

3. SvmU Parts, 

All cotter pins, lock washers, binding posts, small nuts and 
screws, should be inspected at stated intervals to see that th^ 
are not working loose. 

4. Contact Surfaces, 

The Dole changer contacts should be kept clean and bright. 

Moving parts not exposed to the weather should be well 
oiled once a month. All parts, the bearing surfaces of which 
can be reached b^r rain, should be oiled immediately after each 
storm. The friction clutches should be oiled on each inspec- 
tion trip. 



INSTRUCTIONS COVERING THE INSTALLA- 
TION AND MAINTENANCE OF THE 
MODEL 4 SWITCH MACHINE 

Storing Mbchanibms 

A LL mechanisms and motors should be placed right side up 
i\ on tunbers to raise them above the ground. 

Installation 

In making the installation, the first operation is the framing 
of the ties. Tins diould be in accordance with the plan 
shown by f1^. 149. 

Unless special features are required, all holes in the tie plate 
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are drilled before leaving the factory, with the exception of 
those for the toe and slide plates. These should be so located 
that when the slide plates, toe plates, and rail braces are in 
place, the proper track gauge will be rigidly maintained. 

The switch machine should then be Dolted down to the tie 
plate and the throw and lock rods connected. 

Adjustments 

As the switch machine is completely assembled in the factory 
and all parts adjusted to meet the conditions under which the 
mechanism is to operate, there is very little in the way of 
adjustments necessary to be made. 

After the machine is wired up, before making any adjust- 
ments which may be required, the brushes should be raised 
from the motor armature. 

1. Throw Rod. 

The nuts on the throw rod must be placed so that the switch 
points will be brought up against the stock rail snugly, but 
not screwed up far enough to put any unnecessary strain on 





Fig. 151 Fig. 152 

Fields in Series. Fields in Multiple. 

WiBiNO FOR Motors, Model 4 Switch Machine 

the rod. Under normal conditions, with the throw rod adjusted 
as above, a single switch or derail should permit of hand 
operation, by using the crank provided for the purpose. If it 
is not possible to do this, steps should be taken to get the 
switch into this condition. 

2. Lock Rod, 

The adjustment of the lock rod should be such that the 
locking dog H| or H, will enter its proper notch in the lock 
rod I with the switch full normal or full reverse, as the case 
may be, but will be prevented from entering if a piece of metal 
one-eighth of an inch thick is placed between the switch 
point and the stock rail. 

3. Detector Bar. 

To adjust the detector bar, place it in the desired position 
relative to the top of the raU and adjust the connections to 
such a length that with the switch machine in its extreme 
position, pin P may be inserted without chan^ng the position 
of dther the detector bar or switch machine. Check this 
adjustment with the bar and switch TQauc\:^<^ m \>dl^ ^^^^siS^fc 
paation and readjust if necessary. 
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4. Cbiieh. 

Tlie nut on friction clutch C, by meana o( which the ean- 
presidon of the ef>ring ia incnaaed or diminJRhed ehotild be 
locked in a position which will enable the motor to apvait 
the switch under normal conditions, but will iMmut the 
clutch to slip if there is an obetniction in the switch polnta. 
This la determined by starting with the nut unscrewed end 
gntduHlly tightening it up, until the motor operates the switch 
without any slipping of the clutches. 
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Tbstino 

The preferred method of testing the operation of the switch 

mechanism is to operate it by hand by means of the oaJik 

Erovided for this purpose, first making sure that tho — -'— 
rushea are raised before attempting to move the mt 
This method should be employed as a regular practice. 

U it should become necessary to operate the switch Iv 
powsx, the tests on the ewitch machine should be carried on 
unda* the protection of the operating lever, whenever the coi^ 
dltions are such that the leverman can receive and act on 
signals given him by the ntan on the ground. 

On the rare occasions when it is not practical to coodnct 
the test undw the control of its lever, jxiwer may be addled 
locally by taking both control wires off from thdr re^MetiTC 
iMni^ns poets (for contact springs Q, and Q„ Fig. 168) in the 
pi^ /danger, and having first connected coTumon port B 
with s short piece of wire to the op«i cotAxtA. ccrAmbE WQriof 
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(spring Qi, Pig. 153), cmrent may be sent through the motor 
Dy placing the energized control wire in connection with the 
other control contact spnng (spring Q,, Fie. 153) ; with these 
connections the mecluuiism will to brou^t to rest without 
shock i^n the completion of its movement. Reverse these 
connections to secure operation in the opposite direction. 

After the machine is completely adjusted, safety requires 
that it should be operated from the interlocking station several 
times, making sure that with the lever in its normal position, 
the switch jpomts will correspond with their position as shown 
on the track plan. 

Maintenance 

1. Medianism, 

Shifting of the rails may prevent correct operation of the 
switch machine in the following manner: 

First ^^ By altering the tmt>w of the switch points, an 
unusual stram will be put on the switch machine which will 
prevent the mechanism from locking up. Tlus will be deter- 
mhied by operating the switch by hand. 

Seeona — The detector bar may have been thrown out of 
adjustment, this preventing the generation of the indication 
current. Necessify of readjustment is determined by dis- 
connecting the bar, placing it in proper position and the 
switch maclune in its corresponding extreme position; if it is 
not possible to replace the pin P without moving either the 
machine or detector bar, the connections should .j? readjusted. 

2. Motor. 

The motor commutator or brushes should not be disturbed 
unless found necessary. If the commutator becomes dirt^, 
it diould be cleaned with chamois skin moistened with oil, 
any surplus oil being wiped off the commutator by a dry piece 
of chamois. 

If it becomes necessary to put a new brush into a motor, 
the brush after beinc^ put in position should be seated to the 
commutatOT by drawing thin, fine sandpaper under the brush, 
at the same time pressing the brush against the commutator; 
the smooth side of the sandpaper should be a^inst the com- 
mutator. Use for this purpose "00 Single Finishing Flint 
Suidpaper." 

8. Smatt Porta. 

All cotter pins, lock washers, binding posts, small nuts and 
screws, should be inspected at stated intervals to see that they 
are not working loose. 

4. Contact Surfaces, 

The switch circuit controller and pole changer contacts 
should be kept clean and bright. 

5. 00. 

Moving parts not exposed to the weather should be well 
oQed once a month. All parts, the bearing surfaces of which 
can be reached by rain, should be oiled immediately ^ttoe ^s&s:^ 
storm. 
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OPERATING DATA FOR SWITCH MACHINES 



Funetlon Operated 



Switch Machine, Model 2, Switch or Derail, . . . 
Switch Machine, Model 2, Double Slip or M. P. 

Frog 

Switch Machine, Model 4A, Switch or Derail, . . . 
Switch Machine, Model 4A, Double Slip or M. P. 

Frog 

Switch Machine, Model 4B, Switch or Derail,. . . 
Switch Machine, Model 4B, Double Slip or M. P. 

Frog, 



Operating 
Current 



Amp. 



6.0 

10.0 
4.6 

7.0 
4.6 

7.0 



Operating 

Time 

Uiing 

AEaximiD& 

Lengtii 

Control 

Wires 



Seconds 



2.2 
3 

3.2 
8 

3.2 




FiQ. 156. Diagram Showing Comparatiyi} Cleabanceb of Modkl 2 

AND Model 4 Switch Machine 
Normal location. 



Rail Section 


Dimension A Model 2 Switch Machim> 
(See Note.) 


A. R. A.— Type A. 


A. R. A. — ^Type B. 


A. a. C. E. 


Lbs. per Yd. 


Inches 


Inches 


IndMfl 


60 
70 
80 
90 
100 


22y4 
23% 
2494 
2694 
28% 


21 

22%« 

24 

25%e 

26i%e 


2m 

22% 
24% 
25% 

27% 



Note. — Dimension A is the distance from ntuge dde of rail to point on 
cover of Model 2 switch machine equal to height of rail used. 
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Fig. 157. Diagram Showing Clbarancb betweibn Top of Model 4 

Switch Machine and Contacting Subface of Third Rail. 

Electbic Division, N. Y. C. & H. R. R. R 




Fig. 158. Diagram Showing Clearance between Top of Model 4 
Switch Machinb and Contacting Sxtbface of Third Rail, 

Long Island R. R. 
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Fig. 160. Dimensions of Model 4 Switch Machine for Movable 
Point Froo or Double Slip Switch 




twrrcH lox connection. 



Fio. 161 Dimensions of Model 4 Switch Machihy. yq^ %wkQi\;«. 

Switch or Dis^raiu 
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(Section A-B) 
Fia. 162. Single Switch Operated by Model 4 Switch Machinb 





(Section A-B) 
Fia. 163. Single Switch Operated by Model 2 Switch Machinb 
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B 




(Section A-B) 

Fig. 164. Split Point Derail Operated by Model 4 

Switch Machine 





(Section A-B) 

Fio. 165. Split Point Dbsail Opbbated bt Model 2 Switch 

Machink 
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A — 




(Section A-B) 

Fig. 168. Whabton or Mokden Dkkail Opisraticd by Model. 4 

Switch Machine 




(Section A-B) 

FiQ. 109. Whabton ob Morden DBBAiii Opebated by Model 2 

Switch Machine 
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IPia. 173. DonBLi Slu- Switch Opbbatcd bt Uodei. 1 Switcb 
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(Section A-B) 
Fio. 174. Movable Poim; Fboh Opbbatbd b 
Switch Macqinb 
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{Section A-B) 
Fia. 176. HoTABLB Point Fhoq (with Double etir ! 
Ofduted Br Model 4 Swttch Uacbine 
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DIMENSIONS OF MOTION PLATES 


A" AND 


B" 
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Fio. 192 



Fio. 193 
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DDfENaiONS OF 


BRIDGE CIRCUIT CT^OSERS 






1 A_ 


u 1 . 

.„ i lo 


- 


41 111 Hi 1« 1 .. 
4A 12A 22 24i li 1 
4i lOH 14J 19 1 


n 

Si 
7i 


U 
4i 
1| 


lOwsy 




61 
UA 


14] 
221 
141 


i 

2 



Non,— Twelve my drouit closer Is furnished with two tisrs of six cun- 

Operation of Bridge Circuit Closer • 

The G. R. S. bridge circuit closer with centering device is 
shown in Fig. 195, In the operation of closing, the bridge 
end id first caused to approach the shore end with its centering 
arms thrust forward. When these come into contact with the 
ahore end, the latter is brought into proper alignment, the 
bridge end continuing its forward movement until they abut; 
ths blades are then forced to enter the jaws, thus making the 
desired contact. 

The centering device will take care of any horizontal mb- 
■lignment up to one and one-half inches. When this is 
apt to be exceeded, the circuit cloaer should be a.tbuVwd. *^ 
the rails in such a manner that vhea ftife Tsffla Me \i-«»*i. vi^ 
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the circuit closer will be affected in a similar manner. The 
design of the jaws permits of three-fourths inch movement 
above or below the normal position. 

The maximum stroke of the driving member is approxi- 
matel>[ thirteen inches. Using this stroke, the maxunum 
extension of the blades (three and one-half inches) can be 
secured with a permissible opening of five and three-eighths 
inches between the bridge and shore ends of the circuit cu>ser; 
this forces the blades between the jaws two and three-eighths 
inches. If required, this distance between the bridge and 
shore ends may be increased to seven and three-sixteenths 
inches, which will give a contact extension of one and thir- 
teen-sixteenths inches and force the blades between the jaws 
for a distance of three-fourths inch. 

If it is desired to reduce the operating stroke and still retain 
the maximum contact extension, the maximum opening be- 
tween the bridge and shore ends must be decreasea a propor- 
tional amoimt. 



SECTION IX 



STALLATION AND OPERATING DATA FOR 
SIGNAL MECHANISMS 



COVERING INSTRUCTIONS FOR IN- 
STALLATION AND MAINTENANCE, EN- 
ERGY FIGURES, CLEARANCES RE- 
QUIRED, DIMENSIONS AND TYPICAL 
CIRCUITS; ALSO DIMENSIONS OF 
MASTS, SPECTACLES, BLADES AND 
FOUNDATIONS 



INSTRUCTIONS COVERING THE INSTALLA- 
TION AND MAINTENANCE OF 
MODEL 2A SIGNALS 

Storing Mechanisius 

A LL mechanisms should be stored in an upright position 

/\ and, if possible, in a dry place, and shouldf not be re- 

•^ ^ moved from their boxes until they are installed. Avoid 

disconnecting or removing the motors from the mechanism 

cases 

Installation 

In assemblying mechanisms which are shipped separatelv 
from the pole bearings or in reassemblying mecnanisms which 
have been disassembled for any purpose, the surface of all 
exposed mechanical joints must be cleaned and smoothly 
coated with white lead before assembly, to insure that they 
are water-tight. 

Whenever it becomes necessary to bolt a mechanism to its 
pole bearing, see that the semaphore shaft and mechanism 
are approximately in their "stop" positions. Then rotate 
the semaphore shaft backwards and forwards sliehtly by hand 
while tigntening the bolts, to be sure that no oinding takes 
place diuing the process. 

When working on a mechanism, the motor door should alwavs 
be kept closed except when necessary to do work inside of the 
motor. 

After a mechanism has been wired, the wire entrance should 
be sealed to prevent the circulation of air between the inside 
and outside of the case. Neglect to thoroughly seal may 
result in trouble due to the probable accumulation of frost 
or dirt on the circuit breaker parts. If conduit is used be- 
tween the mechanism case and the pole, the wire entrance 
or conduit should be likewise sealed. 

Adjustments 

All signals are properly adjusted before shipment, the only 
adjustments ordinarily reauired in the field being those due to 
differences in the semapnore spectacles as follows: if the 
blade is not horizontal when in its stop position, it can be 
brought to such position by means of adjusting screw A (see 
Kg. 197). Spring C, adjusted by screw D, should hold block 
B firmly against screw A, due allowance being made in the 
spring adjustment for any increase in weight of the signal 
arm, due to an accumidation of ice or sleet. Fig. 197 shows 
relation of adjusting screws, spring, block, etc., when used 
with upper quadrant signals; this will be reversed when ap- 
plied to lower quadrant signals. 

Having adjusted the blade to the horizontal position, the 
circuit breaker frame should, U TieceBBar5>\i^T<i^a^«^^iS5^^ 
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a sufficient amount to cause the blade to assume its exact 
foiiy-five or ninety degree position in operation. 

Individual adjustment of the circuit breaker contact sprint 
should not be necessary imder ordinary conditions. If required, 
great care should be exercised to see that all contacts are 
adjusted to open and close as shown on the circuit plan which 
aecompanies each sig^oal mechamsm. 

In replacing a circuit breaker which may have been removed 
from the mechanism for anv cause, great care should be taken 
to see that the circuit breaker operating segments mesh prop- 
erly. Otherwise, it will be impossible for the blade to assume 




Fzo. 197. Section of Clamp Bearing Showing Semaphore 

Spectacle Adjustment 

its proper positions in operation except by extreme adjustment 
of uie contacts and circuit breaker. 

Lubrication 

See that all moving parts are thoroughly lubricated with 
oil that will not thicKen in cold weather or dry up in hot 
weather. "Hydrol," "Polar Ice," or "3 in One" oils have 
been found satisfactory. Use an oil can with a nine inch 
curved roout. 

After lubrication, the signals should be operated several 
times, in order to work the oil thoroughly into the bearings. 
The word "oil" on the diagram. Fig. 196, will indicate what 
parts require lubrication. If the mechanism has become 
ms^, especial care should be taken to see that all parts 
are operating freely before attemptiTi\^ \;c^ V^ ^^ ^s^sg^^s^ 
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Tests 
U the Edgnal has beai properly adjusted and lubricated it 
will operate freetjr. If in doubt as to whether a ngnal b 
sufficiently free in operaUon, a drop-away teat should be 
made as follows. Connect an adjustable resistance in sariea 
with the motor. Gradually reduce it untU the motor will juat 
move the blade upwards. Just before reaching the forty-%ve 
degree portion, quickly iusai; mifflcleat resistance to just 
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permit the motor to start backwards, moved by the weight of 
the blade grip. The current which will potnit it to start 
backwards from a given poaition should be approximately 
60 per cent, of the current required to move it up to 
that position. The same procctiB should be repeated in the 
nine^ d^ree position or sixty d^ree, as the case may be. 

Tm sinial having been oiled and operated a few times, see 

that tlia olade snubs properly in descending and also that the 

istcheted main gear (F, Figs. 52 and 66) clicks approximately 

three or four times in so doing. The number of clicks can be 

regulated by the adjusting screw on ttie ta-Wa^AftiTOoin gear. 
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Maintenance 

Ordinarily in maintaining a ofpaal, the only requirements 
lie that the connectionB be Kept tight, contacts clean, and the 
mechanism suitably oiled and cleaned. 

Avoid disturbing the commutator or brushes in any wav 
unless foimd necessary. A commutator in good condition wiU 
have a dark glossy appearance. If, however, it should be- 
come dirty, it should oe cleaned by chamois skin moistened 
with oil, any surplus oil to be wiped off of the commutator by 
a dry piece of cmunois. 

Use a chamois skin in cleaning the circuit breaker contacts. 

If it should become necessary to put a new brush into a 
motor, the brush should, after having been put in position, be 
seated to the commutator by drawing thin fine sandpaper 
under the brush while the brush is being pressed against the 
commutator. The smooth side of the sandpaper should be 
against the commutator. Use ''00 Single finishing Flint 
sanc^per." 



OPERATING DATA FOR SIGNALS 



Funetlon Operated 


Operating 
Current 


Holding 
Current 


Operating 

Time 

Using 

Maximum 

Length 

Control 

Wire 


Amp. 


Amp. 


Seconds 


Hi|di Signal, Model 2, 


3.0 
3.0 

.82 
4.0 


.14 
.11 
.25 
.25 

.17 


4 
3 
6 

4 

1 


Hi|^ Riffnal. Model 3 or 7. 

Hiili asnal. Model 2A 

Dwarf mgnaX, Model 2A 

Dwarf Sisiial.Model2or3 
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Fra. 300. Brackft Post and BRnne Siohu. Uabts 
R. B. A. drawiDg 1D37. dated ISIO. 




Fio. 301. GBOvm BiQiiM. Vhsn 
B. S. A. dnvins 1035. dB.\«& 1«^«. 



244 QENBOAL RAILWAY BIGNAL OOIfPAKY 




Fia. 202. DuQRAH Showihq Clubahcb Bvnmv HoDU. 2A Dwabt 

SlQHU. AHD ThIBD RAIL. ELEirrHIC DiTIBIDH, 

N. Y. O. t H. R. R, H, 
Twelve foot truk oenUn. 
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Fm. 90S. DtuMSUBiB or Uodbl 2A Two FosmoN, Non- 

DWABT SlClHil., EqUIPFED WITH On. JJMP 

^McUel* R. 8. A. dnviDB 1238, Octobar, 1012. 
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Fio. 207. DiUKMBiOKB or One Arh Modci. 2 Sound 
Spectuli R. a. A. drawing 1233, October. 1912. 




FM. SOB. DnamroHB or Hoini. S B(n.iaoiD lyvus %u»Lti. 
f^wctocJs R. S. A. dnwins 1232, OddDet. Va'^'^ 
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^14. Max. Metal Cleat 




f 









For i Bol+s 



M Taper i: 16 



L 




Fra. 211 



.__ *M. Max. Metal Cleat. K 6'H . ,^ 
T 




Fig. 212 



i 



*14 Max, Metal Cleat 






T 






fl 
i^ 



f 



9"-t-7!i- 



i^rbrj Bolts 



i.y 



Taper \:\B 



3^^6- 



T 




Fia. 213 

Bladis fob Uppbb Quadrant Signals 
R. S. A. drawing 1066, dated 1911. 

Where atrip^ are used the dimennona flhowi «x« -nx^oTcsckSicA^- 



GBKEBAL RAILWAY SIQNAL COMPANY 



TORQUE CXniTES FOB B. B. A. DESIGN "i 

SEUAPHORE SPECTACLE 

R. a A. plan 1064. Ime Deewnber, 1912. 
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Flo. 216. BucuT Post Fodndatioh 

R. 8. A. dnwing ItOS, dktsd 1900. 

<TD.3 cubic fset of ooncnta.) 
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Fia. 210. OBonni Siqnu, Hact Foi 

R. 8. A. dimwing HOT. datsd IHW. 
(30.25 eubic fMt ot concnM.) 
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Fio. 217. DwABF Signal Foundation fob Model 2A, 
Model 3 or One Abii Model 2 Dwarf Signal 
(6.5 cubic feet of concrete.) 



^I'li W6o>t»hut 




Fig. 218. Dwarf Signal Fouxcdation rom Two 
Model 2 Dwarf Szonal 
(11.25 cubic feet of ooiicr«t«.) 
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SECTION X 



INSTALLATION AND OPERATING DATA FOR 
RELAYS AND INDICATORS 



GIVING ENERGY FIGURES FOR, AND 
DIMENSIONS OF, THE D. C. AND A. C. 
RELAYS AND INDICATORS USED IN 
TRACK AND LINE WORK; ALSO DI- 
MENSIONS OF RELAY BOXES 



RELAYS AND INDICATORS 



ENEBGY DATA FOR MODEL 1, D.O. RELAYS 



Rerigtance Ohmg 


HU. Amps. 


Volts 


4 


110 


.425 


5 


9S 


.475 





80 


.7 


16 


62 


1.0 


25 


52 


1.275 


30 


47 


1.4 


35 


44 


1.5 


50 


35 


1.8 


100 


26 


2.5 


300 


15.6 


4.5 


500 


13 


6.5 


800 


11 


9.0 


1000 


10.5 


10.5 



NoTB. — Values given in above table are the TnimimuTn on which the 
relay wiU operate. Add 10 per cent, for practical operation. Drop away 
current equals 23 per cent, of minimum operating current. 



ENERGY DATA FOR STYLE A, D.C. INDICATORS 

FODB WAY. 



Resistance Ohms 


HU. Amps. 


Volts 


4 


147 


.59 




5 


135 


.675 




12 


97 


1.16 




38 


56 


2.13 




50 


49 


2.45 




75 


41 


3.10 




100 


37 


3.70 




200 


31 


6.20 




250 


27 


6.75 




500 


18 


9.00 




1000 


14 


14.00 





■ r 

NoTB. — Values given in above table are the minimum on wbkh fb* 
bdioator will operate. Add 10 per oeat. for practical op«taAlaiL. Dn^ 
nny eumnt ^quaia 33 pw cent, oi mWiTfttiwy opemJ^m^ vqkwb^ - -^^ 
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DIMENSIONS OF MODEL 


9 D. C. RELAYS 










N.M. 


Na.ot 


A 


B 


o 


!> 


E 




Model B Form A't NeutnU Rel>y. . 


^ 


6A 


5-ft 


fl 








Model 9 Form Ae Neutnl Kelsy, . . 




Hf, 


'A 


9 








Model 9 Font! AS Noutral KelBy, . . 








fl 








Modd 9 Foim C4 Neutrol Rolay. - . 




oA 


VA 










Model 9 Form Al Neutral Wall Relay, 




«l 




»* 








Modd 9 Form Afl Neutral Wall Relay, 




H 












Model 9 Form A4 Fotaiiiod Relay, . . 




6A 


JA 










Model 9 Form AO Polarised Reloy,, . 




HA 


'A 










Model 9 Fom A4 Polariied Wall Relay, 




Oi 


ftA 


« 


5t 


4t 




Model 9 Form AS Polarised Wall Relay, 




A 


SA 


84 


Jll 


-H 


yjfode/aJatBrlookina Relay 




«A 


12« 8 
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ENERGY DATA FOR 
MODEL 9« D. C. RELAYS 



OimM. 


4 Wat 


6 Wat 


SWAT 


MO. 
Amps. 


Volts 


Mn. 

Ampt. 


VolU 


Mn. 

Amps. 


VolU 


3.6 


79 


.28 


95 


.34 


Ill 


.39 


4 


75 


.30 


90 


.36 


105 


.42 


4.2 


71 


.30 


85 


.36 


100 


.42 


6 


71 


.36 


85 


.43 


100 


.50 


6 


64 


.38 


76 


.46 


85 


.51 


7 


57 


.40 


69 


.49 


81 


.57 





53 


.48 


64 


.58 


76 


.68 


10 


51 


.61 


61 


.61 


72 


.72 


11 


47 


.52 


56 


.62 


66 


.73 


12 


51 


.61 


61 


.73 


72 


.87 


16 


41 


.66 


49 


.79 


57 


.92 


17 


38 


.65 


46 


.79 


54 


.92 


20 


38 


.76 


46 


.93 


54 


1.08 


26 


31 


.81 


37 


.97 


44 


1.15 


35 


31 


1.08 


37 


1.30 


44 


1.54 


40 


27 


1.08 


33 


1.32 


38 


1.52 


46 


24 


1.11 


29 


1.34 


34 


1.57 


60 


23 


1.15 


27 


1.35 


32 


1.60 


60 


21 


1.26 


25 


1.50 


30 


1.80 


68 


20 


1.36 


24 


1.64 


28 1 .91 


75 


21 


1.67 


26 


1.95 


29 2.18 


80 


20 


1.60 


25 


2.00 


29 2.32 


90 


18 


1.62 


23 


2.07 


27 ' 2.43 


98 


17 


1.67 


21 


2.06 


25 1 2.45 


125 


15 


1.88 


18 


2.25 


21 2.63 


150 


14 


2.10 


16 


2.40 


19 2.85 


200 


13 


2.60 


16 


3.20 


18 


3.60 


244 


11 


2.68 


14 


3.42 


16 


3.91 


300 


11 


3.30 


13 


3.90 


15 


4.50 


346 


10 


3.46 


12 


4.15 


14 


4.85 


400 


10 


4.00 


12 


4.80 


14 


5.60 


500 


8.5 


4.25 


10 


5.00 


12 


6.00 


516 


8.5 


4.39 


10 


5.16 


12 


6.19 


600 


8.5 


5.10 


10 


6.00 


12 


7.20 


670 


7.5 


5.02 


9 


6.03 


11 


7.37 


800 


8 


6.40 


9.3 


7.44 


11 


8.80 


900 


7.5 


6.75 


8.5 


7.65 


10 


9.00 


1000 


7 


7.00 


8 


8.00 


9 


9.00 


1500 


6 


9.00 


7 


10.5 


8 


12.00 


1600 


6.5 


8.80 


6.5 


10.40 


7.5 


12.00 



NoTB.^Valuet 
win opfltmto. 
timiaak40ptr 



in Abore table 
10 per eeoi. for 

\%» of mfaUBMIIA 




wliioh the relay 
Drop »waj etir* 
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Fig. 230. Uodbl 9. D. C. ImdiOuo 
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ENERGY DATA FOR 
lifODEL 0. D. C. INDICATORS 



Raelfl. 


TOWBA IMIHOATOBS 


Switch 
Indicator 


4 Way 


• Way 


8 Way 


Ohms 


MIL 
Ampfl. 


Volts 


Hn. 

Amm. 


VoltB 


MIL 
Ampi. 


Volts 


Bin. 
Ampa. 


Volts 


4 


101 


.40 


107 


.43 


113 


.45 


101 


.40 


4.4 


94 


.42 


100 


.44 


106 


.47 


94 


.42 


6.8 


75 


.51 


79 


.54 


83 


.56 


75 


.51 


9 


66 


.60 


70 


,63 


74 


.66 


66 


.60 


9.2 


65 


.60 


69 


.63 


73 


.67 


65 


.60 


14 


55 


.77 


58 


.82 


61 


.85 


55 


.77 


20 


45 


.90 


48 


.97 


51 


1.02 


45 


.90 


22 


44 


.96 


47 


1.03 


50 


1.10 


44 


.96 


30 


37 


1.11 


39 


1.18 


41 


1.23 


37 


1.11 


34 


35 


1.19 


37 


1.26 


39 


1.33 


35 


1.19 


40 


30 


1.20 


32 


1.28 


34 


1.36 


30 


1.20 


50 


29 


1.45 


31 


1.55 


33 


1.65 


29 


1.45 


56 


27 


1.51 


29 


1.62 


31 


1.73 


;27 


1.51 


92 


24 


2.20 


26 


2.39 


28 


2.57 


24 


2.20 


100 


22 


2.20 


23 


2.30 


25 


2.50 


22 


2.20 


130 


19 


2.47 


20 


2.60 


21 


2.73 


19 


2.47 


200 


15 


3.00 


16 


3.20 


17 


3.40 


15 


3.00 


300 


13 


3.90 


14 


4.20 


15 


4.50 


13 


3.90 


500 


11 


5.50 


12 


6.00 


13 


6.50 


11 


6.50 


690 


8.5 


5.86 


9 


6.21 


9.5 


6.55 


8.6 


6.86 


1000 


7.5 


7.50 


8 


8.00 


8.5 


8.50 


7.5 


7.50 



NoTB.— Values given in above table are the minimum on which the 
indicator will operate. Add 10 per oent. for pitAtvosi cr^nt^Xi^xsu ^yc^-^ 
»way eurreat eguals 88 pm osnt. of wAi^^wttTft oyvsvi^mL «oxtnD2w« 
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_7Vtf- a.riay_ 
8^-6nas 
Yta. 232. RM1.AT — Wall ob Shblv Ttpb 




Fio. 234. iNDicmMO Rblat 

Jftuwi. 2 Form fi, Hodbl 3 Foul B, ok Uddu. Z Fqui B. A. C. 

BsLATi un> ImnoLTDBK 
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ENERGY DATA FOR A. C. LINE RELAYS AND INDICATORS 
Fob Uhb on 55-110 or 220 Volts, — 25 or 60 Ctclbs. 







MAZUfUM ENBROT REQXnRKD AT NORMAL 


Name of Devloe 


Cycles 


VOUTAOB (ACB NOTE) 


2 Position 


3 Position 


SpUt Phase 


Local 


Linn 


V. A. 


Watts 


V.A. 


Watts 


V.A. 


Watts 


Mode! 2 Form A Line 
















Relays, with 6 ht>nt. 
















Obaok or 12 front con- 


25 


12.0 


10.0 


7.8 


5.4 


6.4 


6.4 


tacts, and indicating 


00 


12.0 


10.0 


7.8 


5.4 


6.4 


6.4 


attadunent for tower 
















uae 
















Model 2 Form B line ^ 
















Relays, with 6 front, 
2 back contacts, and - 
indicating attach- 


25 
60 


16.0 
15.0 


10.0 
10.0 


11.7 
11.7 


5.4 
5.4 


6.5 
6.5 


5.4 
5.4 


ment for tower use, . 
















Model Z Form B line ] 
















Relays, with 6 front. 


25 
60 


5.5 
10.0 


2.0 
3.0 










2 back contacts, <and 


• • • 


• • • 


• " " 


• " • 


indicating attach- 


• • • 


• • • 


• • • 


• . • 


ment for tower use, . 
















Model 2 Form B Switch 
Indicator, without - 
contacts, ) 


25 
60 


15.0 
15.0 


10.0 
10.0 








• • • 

• • • 








• • 

• • 




Model Z Form B Switch ) 


25 
60 


3.0 
5.5 


1.5 
1.8 




















Indicator, without >- 
contacts, ) 
















• . 




Model 2 Form B Tower | 
Indicator, without >- 
contacts, ) 


25 
60 


15.0 
15.0 


10.0 
10.0 














i ■■ 




Model Z Form B Tower ) 
Indicator, without > 
contacts, ) 


25 
60 


3.0 
5.5 


1.5 

1.8 














. 1 '.'. 

1 





NoTB. — Above energy figures will permit practical operation of these de- 
vices on a voltage 20 per cent, below normal and are based on a maximum 
equipment of contacts, including indicating attachment for tower use. 
Vvithout indicating attachment, with a lesser number of contacts, by spe- 
cial construclion, or by combinations of any of the foregoing, the above 
enerry may be reduced 20 to 50 per cent. Relay must drop away on not 
less wan 60 per cent, of the minimum operating energy. 



NoTB. — The above table permits the following line resistance in series 
with line phase of relay. 



Volts 


Cycles 


Resistance (Ohmn) 


66 


25 


75 


66 


60 


100 


110 


26 


150 


110 


60 


200 


220 


26 


250 


220 


60 


300 
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llJci'- 6raf 

1. 23S. MoDiL 2 FoRH A 

FOLTPQABI RklaT 



85h-4.r(«y_ 

HV4'-6noy 

Fia. 23S. Model 2 Fobh i 

POLTTHAHl ItmiCATINa 




lEW or UODIL 2 POHU A FOLTFHASa 



R iHDioA'ni'a Relat 
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OPERATION OF THE MODEL 2 FORM A REGULAR POLY- 
PHASE RELAY, IN CONNECTION WITH DOUBLE BAIL 
A. C. TRACK CIHCUrrS ON ELECTRIFIED 
DIRECT CUHRENT ROADS 



^ 
f^' 



B Fbd Docblb Rail A. C Tback Cibcdit 





1 1 y 




.' 




«™.M«11.1T/| 


y' 






;23 








,-^?6i 










I 




1 


i 1 1 







r Required for 







7 ; 


/ 




»5^„UL,]/ 


y 








J^L 


^■' 








•4-rr 










SiUira 










1 1 1 







IznGTH or TRACK CIRCUIT \Y 
Fio. 240. COHVB Showino Enibot 

OfBKATION ON 60 CtCLD Ci 



Htm.— Volt smpoa ahown in FigB. 239 and 240 are the total of the volt 
■mperaa fed to Uut tnok circuit and to tbe relay local. Relay la equipped 
wiui four front and two back cootacta, Curvea aT« based on 85 pound 
'nil banc lued. 

Qood ballast (approziiaately 10 ohnu per 1.000 ft.) condsU of rook or 
Bnvd ballaat, wall drained »aA free from llie base of the rajls. 

ATBTBle ballaat (feppn>ximately h ohnu pet 1 ,000 ft.) ooseiMa of a ballavt, 
rash ai ft velt draiiieil Knval baUast, ooveiing the baie of tba rails. 

Dirt, dndet or badly drained sravel ballast, Darenoc the base q( Ui« nll&, 
li KOialdBrBd poor and oeecflaitatca the oae ol nuicb mats voisin ^™ '^^i* 
tftntioa ol Iraok otnniita tbuL is ihowu in tlu soi^ea. 
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TABLE SHOWING RELATIVE AMODNT OF ENERQV RE- 
QUIRED FOR UODEL 2 K>RM A TRACK RELAYS, 
REGULAR AND QUICK ACTtNO, WITH DIF- 
FERENT CONTACT COUBINATIONS 



imekREtiiyi 


Oontaet Equlpmau 


Btfattre Amount 

%SSS 


R««"l«. 


Illlll 
Illlll 


1-0 
.8 
1.* 
3.6 

li 


B««ul". 

CWdtAotina 

QoickAotoig 

Quiok Aoting 



— Reeular Model 2 Foira 
taJcen aa unity. For m 
HAtldD, MB curvet ou page 2< 







1 


- 




1 

*g 

1 



C3 
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OBNBRAL RAILWAY SIGNAL COMPANY 



■M- 



t—f- 



\} 



RCSisTAnce «qo ohms 



lAMPCRC/TV 
RANQC V^ 

& 

Flo. 244. CntcuiT for TnrriNa Pick Up and Drop Away of 

D. C. Track Rblats 



lAMPCRC 
fUNCC 




RC5I5TM1CC no OHMS 



•=> 10 

T 



Fia. 246. Circuit for TssriNa Pick Up and Drop Awat of 

D. C. Liim RxLATS 



lAMPweRAnoc 



pr -j — ® — I 

UMtTlMG L^ LrV_ T 

IS OHMS T ISWLTR^riGi: I 



CCLL 



Fia. 246. Circuit for TiuntNa Rjssistancb of Rblat Contactb 
(Resistance equals Toltage divided by current.) 



Notr. — Several readings should be made in above tests and the average 
taken. 

The resistance used in Figs. 244 and 245 consists of a resistanee with a 
variable center connection. It should, preferably, have uniformly graduated 
steps. The resistance used in Fig. 246 may merely be a unit of such 
resistance as to protect the instrument. It is recommended, however, 
that a variable resistance be used if available. If voltages used in above 
tests are higher than those indicated, the resistances used will have to be 
inoreaBed accortUng^. 
The ammeter for all of the above teste ehouVdivot \MbN« «b x«xi«ia creatly 
the 1 ampere range indiMkted above. 



SECTION XI 



INSTALLATION AND OPERATING DATA FOR 

TRANSFORMERS 



COVERING DIMENSIONS AND RATINGS 
OF LINE AND TRACK TRANSFORMERS 



TRANSFORMERS 




-. 


"■-™"" ""-»»"» 1 




8 





D 


B 


p 


a 


B 


laeb 


l^ 


IMt 


bub 


Ineb 


iBeh 


Uuta 


&Kk 


» 


I3>«. 
IT 


I2K 
16U 


10 

13H 


12'*,. 

14<K 


7% 

m 

10 


IIU 


Ml 


8 

8 



1 — IJf — 1 

f-9 



r 



F11 






Fia. 21B. Huta>«, Imom 



GENERAL RAILWAY BIONAL OOUFANY 
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R. S. A. VOLTAGE RANGES FOR SIGNAL WORK 
(1913) 

(lat Range) Thirty (30) and less. 

(2d Range) Ov^ thirty (30) to and including one hundred 
and seventy-five (176). 

(3rd Range) Over one hundred and seventy-five (175) to and 
including two hundred and fifty (250). 

(4th Range) Over two hundred and fifty (250) to and in- 
chiding nx hundred and sixty (660). 

{5th Range) Over ax hundred and dxty (660). 



SECTION XII 



INSTALLATION AND OPERATING DATA FOR 

PRIMARY BATTERIES 



COVERING THE CAUSTIC SODA 
CELL, GRAVITY CELL AND DRY 

CELL 



PRIMARY BATTERIES 



CAUSTIC SODA PRIMARY CELL 

Uses 

THE caustic soda primary battery is largely used on open 
circuit work, such as for signal operation, where a higher 
current is reqiiired than can be secured ftt)in other types 
of primary batteries without the installation of a great num- 
ber; of cells. A somewhat different design of caustic soda cell 
lis extensively used for track circuit work; although a more 
expensive cell than the gravitv cell, it is one in which the 
maintenance is very slight, it being ordinarily necessary to 
make renewals only four or five times a year, this, of 
course, depending on the t^rpe of traffic passing over the 
section on which the battery is installed. 

Description 

The elements of the cell are of zinc and black oxide of 
dopper and the electrolyte a strong solution of caiustic soda 
and water. These are generallv contained in a porcelain or 
heavy heat resisting glass jar, tne latter being preferable due 
to its freedom from breakage and the ease with which inspec- 
tion is made. The cut on page 286 ^ves the appearance of 
the jar adopted by the R. S. A. as their standard, the ampere 
hour capacity of this standard cell being 400. 

The elements of the signal cell are generally cast in the 
form of plates which are suspended from the cover. This 
cell has an extremely low internal resistance (about .045 ohm) 
and is hence capable of producing on short circuit the heavy 
current of 20 amperes. The E. M. F. of the cell is low; when 
new, it is approximately 0.7 volt and this falls off after the cell 
has been in service for some time. 

The elements used in the track cell are not necessarily of 
the same type as those used in the signal cell. One well-known 
cell used for track circuit work has a zinc element similar in 
form to the zinc in the mvity cell, the other element being 
poured loose over a tin disc resting on' the bottom of the J£^. 
The track cell is designed to have an intenlal resistance of 
about 0.25 ohm and a current output on short circuit of about 
2 to 3 amperes. The voltage of the cell is the same as that pf 
the signal cell. 

Action of the Cell 

When in service, chemical action of the cell gradually dis- 
solves the zinc dement and converts the copper oxide into 
pure copper. In the case of the signal cell using a copper 
oxide plate, this change in the element will consist of the 
reduction of the copper oxide to copper, this reduction taking 
place from the surface and extendm.^ m^^T^\ \Jckfe T^^a^ix^^ 
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degree of exhaiustion of the cell can be ascertained by 
scraping off the material from the outside of the plate until 
the dark copper oxide is exposed. In the cell used for track 
circuit work, the copper oxide is convai;ed into copper flakes 
which continue to he as before on the tin disc in the bottom 
of the jar. 

Care op the Cell 

In setting up the cell» the jar should be first thoroughly 
cleaned and then filled with pure water (preferably clear rain 
water) to such a height that when the elements are added the 
level of the electrolyte will have been raised to within about 
one and one-half inches of the top of the jar. The soda 
should be added slowly and the solution stirred continuously 
with a stick untU the soda is entirely dissolved. Chemical 
changes raise the temperature of the solution to the boiling 
point, making it necessary to place ordinary glass, or porcelain 
jars, on a dry wood surface when mixing the solution, to pre- 
vent breakage of the jars. The elements should not be placed 
in the ceUs until the temperature of the solution has dropped 
to about 90 degrees Fahr. A thin film of oil should then be 
poured over the top of the electrolyte to prevent evaporation 
and ''creeping of tne salts." 

When mixing the solution, care should be taken not to get 
the caustic soda dust or solution on one's person, as it is very 
corrosive; the best means for counteracting the action of caus- 
tic soda is water or oil. 

When in service practically no other attention is required 
by the cdl other than an occasional inspection of the elements 
to determine the degree of exhaustion of the cell. 

The caustic soda solution does not freeze, but when subjected 
to severe cold the current discharge of the battery is mate- 
riaUy reduced, which makes it advisable to furnish protection 
against extreme temperature conditions where current for 
operating signal motors is required, or if an equivalent current 
is wanted for any other purpose. 



EXTRACT FROM R. S. A. SPECIFICATIONS FOR 
CAUSTIC SODA PRIMARY CELL (1911) 

1. General 

This battery is to be used in the operation of signals, 
crossing alarms, etc. 

2. Material 

(a) Raflwav Signal Association drawing 1053, issue 
1911, shows the general design and dimensions of the bat^ 
tery jar, cover, connections, wire, and that part of the bolt, 
together witJi nuts and washers, shown above the cover 
for enipporting the demeoits. TVub ^cAav^ "^iu^ ^V ^^ ^^^ 
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consists of the zinc, copper oxide, and caustic soda in the 
^nular form, which, mixed with water, forms the solu- 
tion in which the elements are placed, and a suitable 
mineral oil, which is used on top ot the caustic soda solu- 
tion to prevent evaporation and the salts from creeping 
over the top of the jar. 

(&) The assembled element shall consist of the zinc and 
copper oxide, suitably combined, together with the suspen- 
sion bolt and terminal wire of sufficient length to extend 
twelve (12) inches above top of cover. 

3. Requirements 

Elach complete cell or renewal shall have a capacity of 
at least four hundred (400) ampere hours, as provided for 
under test in Section 4. 

4. Test 

(a) In order to determine the ampere hour capaci^ a( 
the cell or renewal, one will be selected at random from 
each lot of one hundred (100), or fraction tibereof, and 
placed on a continuous discharge of one (1) ampere. If 
the discharge continues four hundred (400) hours without 
the potential at the terminals of the cell dropping below 
five-tenths (0.5) of one (1) volt per cell, the cell or renewal 
will be considered acceptable as far as capacity is concerned. 

(6) One will be selected at random from each lot of one 
hundred (100), or fraction thereof, and subjected to a dis- 
charge of three (3) amperes continuously. If, during the 
first forty (40) hours, the voltage does not drop below 
fifty-three hundredths (0.53) of one (1) volt and during the 
next forty (40) hours the voltage does not drop l^ow 
five-tenths (0.5) of one (1) volt, the cell or renewal will be 
considered acceptable so far as drop in voltage test is 
concerned. 

{c) Tests enumerated in paragraphs (a) and (&) will be 
made at a temperature of seventy (70) degrees Fahr. 



THE GRAVITY CELL 
Uses 

The primary cell in most general use on low voltage closed 
circuit work is the ^vity cell ; it is extensively u»^ in con- 
nection with track cu*cuits, being adapted to this type of work 
by its constant voltage characteristics and its freedom h'om 
polarization when on closed circuit. Although frequently 
used on open circuit work, it is not recommended that the 

cell be used that way, due to the very low efficiency obtained 

when operating under those conditiona. 
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Description 

The elements of this cell are of zinc and copper, and the 
electrolyte a solution formed by dissolving copper sulphate 
or "Blue-stone" in pure water. The electrolyte and elements 
are contained in a glass jar about eight inches in height and 
six inches in diameter. 

In the t^e of cell generally employed for signal purposes, 
the zinc element consists of about four pounds of metallic 
zinc, cast in the shape of a ring, which is suspended from the 
upper edge of the glass jar by means of soft wire hangers cast 
into the element. The copper element, made of thin sheet 
copper, rests on the bottom of the jar and is covered with 
copper sulphate crvstals. 

Tne gravity cell has an approximately constant E. M. F. 
of 1 voK on open circuit and does not polarize through being 
continually short circuited. The internal resistance varies 
considerably with the condition of the cell, running from 
about an ohm when the cell is in good condition to as 
high as 2 or 3 ohms. When in the best condition the cell 
has a current capacity on short circuit of about 1 ampere. 

Action op the Cell 

When first set up, if there are no old cells from which to 
get zinc sulphate to use in new cells, the battery must be short 
circuited from twenty-four to forty-eight hours in order to 
start the action of the cell and to reduce the internal resist- 
ance. A saturated solution of copper sulphate soon forms 
around the copper element, and after the cell has been on short 
circuit for a number of hours, a zinc sulphate is formed around 
the zinc. Due to the difference of the specific gravities of 
these two sulphates, the zinc sulphate floats on the copper 
sulphate, this giving to the cell the name of " gravity cell. 

The action of the cell causes the copper sulphate crystals to 
dissolve, and when the cell is producing current a deposit of 
pure copper is made on the copper element. The zinc of the 
other element is consumed, its surface soon becoming covered 
with a deposit of gre^^ and brown sludge. This residue consists 
of part of the impurities of the zinc, which does not dissolve, and 
if not scraped on at about intervals of two weeks it will coat 
the zinc to such an extent as to interfere with the action of 
the cell. As the cell wears out the zinc sulphate increaaes 
and the copper sulphate decreases; the copper sulphate 
crystals in the bottom of the cdl are reduced to a paste, and, 
as mentioned before, the zinc element becomes eaten awajr 
by the chemical action. The degree of exhaustion of the eeO 
can be determined by the condition of the zine element and 
the amount of copper sulp^te crystals remtAiAng in the^ 
bottom of the jar. JM 
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R. S. A. COPPERS 

Gravrt Pbimabt Battsbt 

R. S. A. plan 1088. lasue October, 1911. 



ts»K:i9H 





SPECIFICATION 

1. Material, (a) Coppera shall be two-leaf or three-leaf as specified 
and shall conform to the above drawing. Leaves shall be No. 30 B & S 
gauge, hard rolled bright copper not less than ninety-eight (08) per cent, 
pure. 

(&) Lead wire shall be No. 14 B & S gauge, solid soft drawn copper, insu- 
lated throughout the entire length, except one (1) inch at each end. The 
insulation shall consist of a three-sixtv-fourtha (%«) inch wall of rubber, 
shall adhere tightly to the wire and shall be of a character suitable to with- 
stand the action of the batteiy solution. Insulation on ends of wire to be 
trimmed either tapered or square, and in this operation the wire must not 
be scored. 

(c) End of wire attached to copper must be thoroughly cleaned and tightly 
riveted as shown with a rivet having a three-dghths {%) inch head and a 
washer three-eighths (%) inch in outer diameter. Bow rivets and washer 
shall be copper not less than ninety-ei|^t (08) per cent. pure. 

2. Packing and Marking. Copper shall be carefully and securely 
packed in lots of one-hundred (1(X)) each, or fifty (50) if so specified, and 
the purchase order number, contents of package, name of manufacturer 
and name and address of consgnee ^all oe plainly marked on the outside 
of each package. 

3. In^pbction and Acobptancb. One copper taken at random from 
each fifty (50) or fraction thereof shall be examined and tested. The results 
of this examination shall determine whether the lots so represented will be 
accepted. If the samples are found to meet this specification, the material 
will be accepted. If any^ of the samples fail to meet this specification, the 
k>ts represented will be rejected and returned at the risk of the manufacturer, 
he paying the freight in both directions. 
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Garb of thb Cell 

In making renewals, the jars should be well washed, being 
scoiured until they are transparent. The elements should be 
cleaned and replaced in the jar with clean cop- 

ger sulphate crystals; the cell should then oe 
lied to a point just below the bottom of the 
zinc element with water and then within one- 
half inch of the top of the jar with clear zinc 
sulphate taken from the top of the old cell — 
this in order to start a strong chemical action 
and have the cell available for immediate service. 
The cell should be inspected every two weeks 
and the residue which nas formed on the zinc 
element be scraped off. At the same time the 
maintainer should check the specific gravity of 
the electrolyte. The best operation of the cell 
will be secured by keeping the density of the solu- 
tion at about twenty degrees Baiune (see page 
384), and under no condition should it exceed 
thirty degrees; the density can be lowered by 
dipping out some of the solution and refilling the 
c^ with water. 

The bottom of the zinc element should be main- 
tained about two and one-half inches above the 
level of the copper sulphate crystals. 

The ampere output of the cell falls off consid- 
erably with a decrease in temperature. Under no 
conditions should the cell be exposed to a tem- 
perature below thirty-two degrees Fahr., as the 
solution congeals at slightly below that point and 
freezes with a further reduction in temperature, 

this interrupting the action of the cell and in a 

Fio.250.Sec- great many cases breaking the jar. When installed 
TioN OF Sin- outside of the interlocking station the cells are 
^eBattbbt housed in battery chutes or wdls set in the 
S™ ^™ ground to place them beyond the reach of frost, 
the proper depth of the housing depending on 
climatic conditions. 



Threb-Cbll 
Elbyatoa 



THE DRY CELL 
Uses 

The dry cell is most commonly used in connection with 
circuits which are only closed momentarily, or for a few seconds 
at infrequent intervals. It is employed for such purposes as 
operating annunciators, buzzers, etc., and sometimes in the 
ignition circuit of gasoline eng^nea. 
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DBSCRIPnON 

The cell is contained in a zinc shell which fonns one ele- 
ment; the other element consists of a stick of carbon set in 
the center of the cell. The zinc shdl is usuaUy Un^ with 
several thicknesses of blotting paper and the remaining space 
around the carbon element fillea with a mixture of caroon, 
manganese dioxide, sawdust, or other absorbent substance. 
This mixture is then saturated with a solution of sal ammoniac 
(muriate of ammonia) and water, and the top of the cell sealed 
with wax or pitch. To insulate the zinc shell from adjacent 
cells, metal pipes, etc., a cylindrical pasteboard cover is fur- 
nished covenng the sides and bottom of the cell. 

The cell has an approximate E. M. F. of 1.5 volts which falls 
off after the cell nas been in service for some time. The 
internal resistance is about .075 ohm. The cell polarizes very 
quickly when on short circuit, giving less and less current 
as it becomes more polarized, jmuL it miaUy refuses to deliver 
current at all; the cell takes some time to recover when fully 
polarized. 

Exhaustion of the cell, except when polarized, is usuallv 
due to the sal ammoniac having been entirely consumed. 
The zinc container is gradually consumed by the action of the 
cell, this resulting in "pimcturing," or the eating through in 
spots, of the zinc. 

Care of the Cell 

The cell practically requires no care other than keeping it 
in a dry place which has an even temperature of about 
seventy degrees Fahr. Temperatures below this will limit the 
amount of current which can be drawn from the cell, while a 
greater temperature materially reduces the cdFs life through 



dryin 
Th( 



g up the sal ammoniac. 
Jl is 



'he cell is in reality a wet cell, sealed to prevent the paste 
from drying out. If the cell does actually become dry it will 
not produce any current, but if the elements have not been 
worn out this can be overcome by boring a hole in the top of 
the cell and soaking it in water for two or three days. 

Care should be taken to avoid handling the cells roughly, as 
the contents of the cell are apt to become broken away from 
the carbon electrode, this resulting in an increase of the internal 
resistance of the cell and a consequent reduction in the current 
output. 

EDITOR'S NOTE 

Articles on primary cells, pages 285, 288 and 293, based on 
data furnished by National Carbon Co. 
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COVERING INSTALLATION PRACTICE, 
TABLES OF PHYSICAL PROPERTIES OF 
WIRE, REQUIRED SIZES OF CONTROL 
AND COMMON WIRES, TRUNKING CON- 
STRUCTION, AND THE CARRYING CA- 
PACITIES OF TRUNKING AND CONDUIT 



WIRE AND WIRING 



EXTRACTS PROM R. S. A SPECIFICATIONS FOR 
ELECTRIC INTERLOCKING (1910) 
521. Size 

(a) Wures shall be of sufficient size to penult operation 
of switch and signal mechanism in accordance with pre- 
vious specifications. 

(6) Rubber-covered wire smaller than number fourteen 
(14) B. &. S. gauge shall not be used. 

{e) Hard-drawn copper line wire shall not be smaller 
than number ten (10) B. & S. gauge. 

(d) No common return wire shall be less than number 
twelve (12) B. & S. gauge. 

(e) In submarine cable work spare wires up to twenty- 
five (25) per cent, of the number in use shall be provided 
as specified. When spare wires are required in other than 
cable work the numbra* and size shall be specified. 

(f) Numbers and sizes of track circuit connections 
shall be as follows: 

No. of B. A S. 

conductors sauge 

1. Track batteries to rail one (1) nine (9) or. . . ( . ) 

2. Relays to rail one (1) nine (9) or. . . ( . ) 

3. Fouhng shunt connections . . .two (2) nine (9) or. . .(.) 

4. Switch circuit controller 

connections two (2) nine (9) or. . . ( .) 

5. Wire from trunking to 

track batteries in chutes, 

stranded twelve (12) or . . . ( . ) 

(g) Wires connected to track shall be rubber-covered 
soft-drawn copper. 

525. Wiring 

(a) Wires in trunking, chases or conduits shall be laid 
looiaely without stretching or crowding. 

(6) Not more than two (2) wires snail be connected to 
one (1) binding post or terminal screw. 

(c) Unless otherwise q[>ecified, all wires shall be run as 
separate conductors. 

526. Common Return 

(a) Reductions in size of common wire and connec- 
tions to pole lines shall be made in junction boxes. 

(h) Connections between branches and main common 
wires shall be made in junction boxes. 

Non. — Wirt iises given in (/) taken from R. B. k. KM\xns^\kc^ '^Nks^v^ 
SigBMl SpedAemUona (^1-/ dated 191S). 
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(c) Unless otherwise specified, common return wires 
shall be continuous without joints or breaks from into^ 
locking machine to the limits of the interlocking plant. 

527. Joints in Wire 

(a) Wires shall, as far as practicable, be continuous 
without joints or breaks between interlocking machine 
and the \mit operated ; joints when made shall be in junc- 
tion boxes, and only made on permission from the Engi- 
neer. 

(b) In making joints, braid shall be pulled back one (1) 
inch from end of rubb^ on each side of splice, and rubber 
cut with knife held at an angle of approximately thirty 
(30) degrees with axis of wire, as one would sharpen a 
pencil. 

(c) After removing rubber, wire shall be thoroughly 
cleaned, care being taken to prevent injury from smaU 
cuts or nicks. 

{d) Wire, after being cleaned, shall be twisted together 
in the form of a regular line wire rolice, turns being spaced 
approximately one-sixty-fourth (%4) inch, 

[e) Joints shall then be soldered by pouring on them, or 
dipping them into, melted solder, a non-corrosive rosin 
fiux being used. After soldering, joints shall be painted 

with insulating paint or with 

compound. 

(f) Joints shall then be covered with two (2) layers of 

insulating tape between ends of braid, which 

tape shall be heated sufficiently to form a tight covering, 
but not enough to injure the quality of the material. Coat- 
ing of insulating paint or com- 
pound shall be put on over insulating tape and two (2) 

layers of adhesive or fnction tape shall be 

applied, after which the outside of the joint is to be painted 
with insulating paint. 

528. Fuses 

Material. 

(a) Fuses shall be of the enclosed type. 
Field work. 

(6) The necessary fuses to properly protect all appa- 
ratus and circuits shall be installea. 

(c) Fuses outside of buildings shall be enclosed in 
weatherproof boxes. 

(d) In the lighting circuits, a fuse shall be provided in 
the circuit to each signal lamp; in the circuit to each 
set of lamps on a mast; in each branch circuit leaving 
the mains, and in each set of mains leaving the switch- 
board. 

(e) Double pole fuse cutrout shall be provided for each 
circuit on the power board. 
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(/) An additional double pole fuse cutrout shall be 
placed in storage battey leads as near as possible to the 
battery terminals. 

530. Tags. 

Material, 

(a) Tags shall be made of vulcanized sheet fibre, not 
less than one-sixteenth (^e) inch thick, firmly attached to 
the wire by the best quality yacht marline one-sixteenth 
(Me) inch in diameter. 

(6) The tag shall have a stamped imprint to show the 
function of the wire. 
Field work, 

(c) Wires shall be tagged at all junction boxes, switches, 
signals, relay boxes, arrester boxes, and at all line wire 
connections, unless otherwise specified. 



FLUXES FOR SOLDERING AND WELDING 

Iron Borax. 

Tinned Iron, .... Resin. 
Copper and brass, . . Sal ammoniac. 

Zinc, Chloride of zinc. 

Lead Tallow or resin. 

Lead and tin pipes, . . Resin and sweet oil. 

Steel, Pulverize — 1 part sal ammoniac, 10 

parts borax, and fuse until clear. 

When solidified, pulverize to powder. 



INSTRUCTIONS FOR SPLICING, SOLDERING, AND 
TAPING JOINTS IN RUBBER-COVERED WIRE 

Stripping the Insulation 

When stripping the insulation, the knife blade should be 
held at such an angle as one would use in sharpening a pencil ; 
do not hold the blade at rieht angles to the wire, as the wire is 
apt to be nicked if this is done. 

Spucing Stranded Wire to Stranded Wire 

Remove the insulation carefully from the end of each 
wire for three to four inches, according to the size of the 
wire. Remove the braid about one incn further back from 
the bare portion of the wire, bein^ careful not to cut the 
rubber. If the strands become tmtwisted, twist together 8.xlH 
clean thoroughly of rubber, leaving IYl^^ ^«\r^\sn!5^. 
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Starting as shown in Fig. 251, twist the wires together in the 
rq^ular manner of making a line wire joint; cut ^ surplus 
wire, as shown in Fig. 252. and solder and tape as described 
under ''Soldering'' and ''Taping." See Figs. 253 and 254 
for appearance of soldered and finished joints. 




Fia. 252 




Fia. 253 






Fio. 254 
Splicing Stranded Wikb to Stranded Wire 

Splicing Stranded Wire to Solid Wire 

Remove the insulation from the solid wire for about one and 
one-half inches and from the stranded wire for three to four 
inches, according to the size of the wire. Remove the braid 
for about one inch back from the bare portion of the wire, 
being careful not to cut the rubber. 




Fxa. 255 



WKBsfnKmm 



'*!*^S*** 



Fig. 256 




FiQ. 257 



¥iQ.2&& 

SPLIdNQ StBAMDBD WiKE TO ^lilD N^IK^ 



EI^SCTRIC INTERLOCKING HANDBOOK 



801 



Clean both stranded and solid wires, leaving them blight. 
If the strands of the stranded wire become untwisted, twist 
them together and starting as shown in Fig. 255, twist the 
stranded wire around the solid wire, leaving about the thick- 
ness of the stranded wire between the turns for about two 
turns, and then wind close; cut off the solid wire, leaving 
enough to turn an eye around the stranded wire as shown in 
Fig. 256. Solder and tape as described imder " Soldering " 
and " Taping." 




laMMMIMaMMIMi 



Fio. 259 









Fio. 260 



FiQ. 261 




Fig. 262 
Splicing Solid Wibb to Solid Wire 



Spucing Solid Wire to Solid Wire 

The insulation should be removed from four to six inches 
from the end of each wire. Remove the braid for about one 
inch ht)m the ends of the insulation. The bare wire should 
be thorougUy cleaned of all rubber. Lay the two wires 
together so tiiat the distance between the insulations will be 
alK>ut one and one-half or one and three-fourths inches, 
as shown in Fig. 259. Hold the middle of the joint with 
the pliers and twist the end of one wire around the other, 
leaving about one sixty-fourth inch between turns for solder 
to run in, as shown in Fig. 260. This winding should stop 
when the insulation is reached and the surplus wire then be 
cut off. The other end should be wound in this same man- 
ner and the middle part twisted for three or four turns. 
Solder and tape the jomt as described under "Soldering" and 
"IViping." 



V 



802 



GBNBRAL RAILWAY SIGNAL COMPANY 




Fio. 203 




Fig. 264 




Fio. 265 







FiQ. 266 
Making T Joints in Soi.id '^isa^ 
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Making T Joints in Stranded or Solid Wires 

Remove the insulation from the continuous wire where the 
joint is to be made for about one and one-fourth inches and 
the braid for about one inch beyond the ends of the insula- 
tion. Remove the insulation m>m the end of the tap wire 
in the same manner as described for joints in solid wire. Lay 
the end of the tap wire across the bare part of the continuous 
wire as shown in Fig. 263 and wrap around the continuous 
wire as shown in Fig. 264, stopping when the insulation is 
reached. Cut off the surplus wire and solder and tape as 
described under "Soldering" and "Taping." 



I WWWVJiJW»JtiUUWtWXMJUOWHWiWa 

<aMaMrt nflrfnff rfrffliiff(Wi<wwftwwWiTtnrTrif< 

A.wv>w>^v..^/sA^A*«>...flo^xAXAX>Y>^^ ■■■■ *imiH*i^^fcia«^w-^ 

Fig. 267. Parat.TiWI. Joints 

Parallel Joints 

When two or more joints come side by side, as sometimes 
happens in parallel wires, one joint should be lapped bevond 
the other so as to leave at least three-fourths inch of the 
original insulation between the joints, as shown in Fig. 267. 

Soldering 

In soldering it is recommended that an approved soldering 
compound in stick form, such as Allen's Soldering Compound, 
be used. Joints should be soldered by pouring melted solder 
over the joint or, if impractical to do this, the work should be 
done with a well-tinned soldering copper having sufficient 
heat to thoroughljr heat the entire joint. Never use an open 
flame for soldering joints. 





Fio. 268 

fWWWUU3C»X)0WW0CMi rf / / / / / / f 

Fig. 269 
Method of Taping 

Taping 

AlHoints whether for inside or outside work must be taped 
with Okonite tape (or its equivalent) in the following manner: 
The tape should first be stretched to insure its laying tight to 
the wire. Start the tape close up to the rubber msiuatloii 
(seeFig. 268) and wind with a ball uip ON«^i^£vfe\cwsJ^^\J^^T^^iisSsi«s^ 
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insulation to, but not over, the braid at the end; thence back 
over joint and rubber insulation to, but not over, the braid on 
the other end, and then back to where taping was started 
(see Fig. 269). Warm the joint sufficiently to soften the tape 
slishtly, squeezing the tape down with the hand to make it 
adhere closely to the rubber insulation and to itself. 

Black friction tape of good quality should be applied over 
the rubber tape, using three-eightns inch tape for No. 16 
wire or smaller, five-eighths inch tape for No. 14 to No. 10 
wire inclusive, and three-fourths inch tape for wires larger 
than No. 10. Start the tape near the middle of the joint and 
using a half lap, wind about one-half inch beyond the braid 
at one end; then back to one-half inch beyond the braid 
at the other end, thence back and finish near the middle of the 
joint. In order to make a neat, strong joint, it is necessary to 
draw the tape tight during the whole operation. 

See Figs. 254, 258, 262, and 266 for appearance of finished 
joints. Care should be taken to keep the bands free from oils 
or grease, as these will injure both the rubber tape and the 
adhesive qualities of the friction tape. 
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COMPARISON OF BROWN A SHARPE AND BIRMINGHAM 

WIRE GAUGES 
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COUHON RBTDRN WIRE 
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RELATIVE COMPARISON OF COPPER AND ALUMINUM 

CONDUCTORS 



Metal 


Or Equal Lbnoth 

AND CB0B8 SBCnON 


Or Equal Lbnoth and CtoNDUcnTirr 


Conduc- 
tivity 


KeOBtr 
anoe 


GrotB 
SMtion 


Weight 


Ttaflile 
Strength 


Cost 


Copper 
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Aluminum 
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Aluminum 

Aluminum 
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CARRYING CAPACITY OP INTERIOR CONDUCTORS 
National Eluctrical Codb 
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DIMENSIONS OF RAILWAY SIGNAL ASSOCIATION STANDARD 
RUBBEIUCOVERED COPPER WIRE 
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%4 


%4 


«%4 


4 


1%4 


%4 


%4 


«%4 


6 


1%4 


%4 


%4 


«%4 


8 


%4 


%4 


%4 


»%4 


9 


%4 


%4 


%4 


»H4 


10 


%4. 


%4 


%« 


«%4 


12 


%4, 


%4 


%4 


1^<I4 


14 


%4. 


%4 


^^•^ 


1%4 


16 


%4 


%4 


%4 


'%4 



NoTB. — For each additional braid add four eixty-fourtha inches to total 
diameter. For each layer of tape add two sixty-fourtha inches to total 
diameter. 



DIMENSIONS OF MANUFACTURER'S ENGINEERS' STANDARD 

RUBBER-COVERED COPPER WIRE 



Sise of Wire 
B. & S. Gauge 


Diameter of 
Wire 
Inch 


Thicknras of 

Insulation 

Inch 


Thlcknees of 

One Braid 

Inch 


Thickness of 

One Tape 

Inch 


Totel 
Diameter 





»%4 


%4 


%4. 


%4 


*%4 


1 


1%4 


%4 


%A 


^ 


*%4 


2 


"/^ 


%4 


%4, 


^ 


»%4 


4 


1%4 


%4. 


%4, 


%« 


»%4 


6 


1%4 


%4. 


%4, 


Ve4 


»%4 


8 


%4 


%4. 


%A 


%« 


»%4 


9 


%4, 


%4 


%4 


H* 


«%4 


10 


%4. 


%4 


%4 


%i 


«%4 


12 


%4 


%4 


%4 


^ 


»%4 


14 


%4, 


%4 


%4 


%« 


»%4 


16 


%4 


%4 


^ 


H4 


1%* 



Note. — For each additional braid add four sixty-fourths inches to total 
diameter. For each additional layer of tape add two sixty-fourths inches 
to total diameter. 



f 



TRUNKING, JUNCTION BOXES AND 

SUPPORTS 



EXTRACT FROM R. S. A. SPECIFICATION FOR 
ELECTRIC INTERLOCKING (1910) 

700. Trunkino 

Material, 

(/) Trunkingj when on stakes above ground and run- 
ning parallel with the track, shall not be placed nearei 
than six (6) feet from the g^uge side of the nearest rail 
except by special permission. 

(g) Local conrntions shall determine the hdght ci 
trunking when above ground; in general, when trunkina 
is run parallel with the tracks, bottom of trunkine shaU 
be placed approximately six (6) inches above grouna. 

(t) Nails snail not be driven through the trunking from 
the inside of the groove nor shall they be driven into the 
groove from the outside. 

(/) Inside comer of trunkine, at turns, must be rounded 
to prevent insulation on wires oeing injured. 

(k) Surfaces of trunking that are to be painted shall be 
finished. 

({) Not less than one-third (Vs) of the capacity of the 
groove shall remain free for the further installation of 
wires. 

(n) As specified, capping shall be securely fastened to 

trunking with { 8»*^«'»» JGate hooks may be used on 
main runs of trunking and nails on cross leads. 

703. Joints in Trunking 

(a) Unless otherwise specified, joints in ^ooved trunk- 
ing shall be lapped, the ends of trunking being beveled at 
an angle of forty-five (45) dep^ees. 

(&) Joints in built-up trunking shall be staggered. 

(c) Joints in cappine shall be made at least one (1) 
foot from joints in trunking. 

705. Trunking Supports 

Materiai. 

{a) Stakes shall be made of three (3) 

inches by four (4) inches, or of equivalent circular sec- 
tion and of sufficient length to allow them to be placed at 
least two (2) feet in the ground. When, due to local re- 
G(uirements, stakes of a greater length than three (3) feet 
SIX (6) inches, or a sreater cross section than three (3) 
inches by four (4) inches will be necessary, information as 
to the number, length, and cross section will be furnished 
by the Purchaser to the ContractAT. 
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Field work. 

(&) Tnmking above ground ahall be supported on stakes 
platced not more than nve (5) feet centers. 

Jd) Stakes supporting tnmking shall be placed verti- 
iy and extend at least two (2) feet below tne surface of 
the ground, unless otherwise specified. 

(e) A piece of capping eignt (8) inches long and the 
width of the tnmking shall be placed between tne tnmk- 
ing and each stake. 

if) Each joint in the bottom of the tnmking shall be 
supported by a stake. 

710. JtJNcnoN Boxes 

Material. 

(a) Junction boxes shall be made of and 

so designed that terminals will be kept dry. E^ch junc- 
tion box shall be fitted with a cover, nasp, and staple. 

(&) Where ten (10) or less wires are used, junction 
boxes shall be sixteen (16) inches square by twenty (20) 
inches deei>, inside dimensions, and shall be increased six 
(6) inches in length for each ten (10) additional connec- 
tions or fraction thereof made in the box. 
Field work. 

(c) Junction boxes shall be located as shown on 

drawing and at a height 

sufficient to allow terminals to be placed at least six (6) 
inches above top of trunkine. 

(d) Junction boxes shall be supported in the same 
manner as the tnmking. 
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TABLE FOR OET&RUININQ REQUIRED SIZE OF TBDNXINQ 



T.„„.. 


Rdbb«h.cotiiuiii Coppek wibb I 
B. S. A. SPicmciTiuvs 1 


Bee 
Fig. 270 


iDObCS 


sq 


• of 
lo. 


I' 


r 


2 


K.. 


No. 

e 


Ho, 

s 

8 

10 
10 

13 

27 


20 
27 
35 


So 
10 

B 

10 

14 

I. 

21 
28 
37 
66 


13 
» 

15 
19 
23 
30 
39 


No 
10 

Ifl 
31 
24 

42 
04 


la 

14 
16 
17 

22 

33 
44 

57 
BO 


2 
10 


a xa 

H4<3 
3 x3 

3 »6 


1 
3 

e 

s 


87 
25 

06 

EO 
00 


12 


2 
2 

6 


2 
2 
3 

S 

;: 


2 
B 
S 

e 

t 

7 

i& 

IB 


8 

. 

S 
« 

12 

13 
IB 
23 
3fi 



TABLE FOR 


DETERMINING REQUIRED 


SIZE OF 


CONDUIT 


CosBnn 


RUBBER-GOTEIIKD COPPBH WIHI). 


U.B. 


A.S™ 


"— • 1 


IneldE 


Inline 


«'. 


Ho. 


t 


4 


Mo 


2 




To 


U 




«■ 


inob 


8q. In. 


I 


,785 


I 


1 




2 


2 


3 


3 


4 


4 


E 


m 


1 


77 


2 


2 




4 


E 


6 


7 


8 


8 





13 






14 


3 


3 








10 


13 


13 




IS 


21 


ZU 


4 


01 


4 


6 




11 


13 


15 


20 


21 


25 


24 


32 


3 


7 


07 


6 


fi 


1!) 


18 


lO 


22 


2S 


30 


32 


35 


47 


3« 


g 


62 


g 


11 


13 


21 


28 


30 


38 


41 


43 


47 


S3 


* 


12 


57 


11 


U 


IS 


2S 


Si 


39 


60 


54 


56 


B2 


Ba 



ATpis. — Table bu«d on wins filUoc oonim^ 
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5i3e Z 
Capping 417 ' BM 
ThjnKing 1000' BM 




5i3(e 3 
capping 417 'BM 
ThjnKing 667 'BM 




Capping 417 BM 
IhinKing lOOO'BM 




513© 5 . 
capping 417' BM 

ThjnKing tOOO'BM 




Capping 500 DM 
Trunhing 1000* BM 




^ 



4. 



CO 

1 



Capping 250* BM 
TmnKing 500' BM 




5J3e7 
Capping 500' BM 
Trunking 1000* BM 




4"- 

5i3e 6 
Capping 555' BM 
irunking 667* BM 




5i3e 9 
Capping 750' M4 
Trunking 1500' 




5i3e 10 
Capping 750* 6M 
Trunking Z(00' 6M 




5i3e 11 
Cappina B75' BM 
D-unki'ng 1667* BM 




9i3eia 
Coppina 1667 'BM 
TrunKir^ 2555* AM 



Fig. 270. TBUNKma Sectionb 




I 
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Fio. 272. G. R. S. Split Elbow fob Conduit 



DIMENSIONS OF SPLIT ELBOW 



Size 
Conduit 


Dimensions 


A 


B 


C 


Inch 


Inch 


Inch 


Inch 


2 

2% 

3 


2He 
2i%a 

3^6 


2%6 

21%6 

3%6 


2% 
3% 



SECTION XIV 



PORTLAND CEMENT CONCRETE 



COVERING DESCRIPTION OF CLASSES 
OF CONCRETE, METHODS OF MIXING, 
AND TABLES OF VOLUMES OF MATE- 
RIALS REQUIRED 



PORTLAND CEMENT CONCRETE 

Storing 

IN storing cement, wooden blocks should be placed on the 
floor and covered with boards; the bags of cement should be 
piled on this to a depth of six or eight layers, keeping 
the pUes six or eight inches away from the walls of the 
builmng so as to obtain a free circulation of air on all sides. 
The cement should be covered with canvas or roofing paper. 

The place chosen for storing the cement should be as dnr as 
possible, as cement absorbs moisture from the atmosphere 
with ^eat readiness, soon becoming lumpy or even a solid 
mass if the storehouse is at all damp. In this condition it is 
useless and should be thrown awav. Lumps caused by 
pressure while being stored must not be mistaken for cement 
that has been wet and has then hardened; lumps caused by 
pressure are easily broken, the cement being perfectly good. 

Portland cement is shipped in paper bags or cloth sacks, 
the second means being recommended as best for the average 
user. 

Proportions of Materiai^ for Concrete 

A Rich Mixture, with proportions of 1 : 1% : 8, is used for 
columns or other structural parts subjected to high stresses 
or requiring exceptional water-tightness. 

A Standard Mixture, with proportions of 1 : 2 : 4, is used for 
reinforced floors, beams, and columns, for arches, for rein- 
forced engine or machine foundations subject to vibrations, 
for tanks, sewers, conduits and other water-tight work. 

A Medium Mixture, with proportions of 1 : 2^ : 5, is used for 
ordinary machine foundations, retaining walls, abutments, 
piers, thin foundation walls, building walls, ordinary floors, 
sidewalks and sewers with heavy walls. 

A Lean Mixture, with proportions of 1 : 3 : 6 and 1 : 4 : 8, is 
used for unimportant work in masses, for heavy walls, for 
large foundations supporting a stationary load and for stone 
masonry backing. 

Consistency of Concrete 

A Medium or Quaking Mixture, of a tenacious, ielly-like con- 
sistency which quakes on ramming, shall be used for ordinary 
mass concrete, such as foimdations, heavy walls, large arches, 
piers and abutments. 

A Wet or Musky Concrete, so soft that it will not require 
ramming, shall be used for rubble concrete, and for reinforced 
concrete, such as thin building walls, columns, doors, con- 
duits and tanks. 

A Dry Concrete, of the consistency of damp earth, may be 
employ^ in damp locations for mass foundations, which must 
stand severe compressive strain within one month «.ttet ^V&s5ec£|»^ 
providmg it ia spread in ax ma\i \k:j«c% ^sj^^ twsssss«^ 
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until water flushes to the surface. Dry mixed concrete shall 
never be employed with steel reinforcement. 

Mixing Concrbtb by Hand 

For mixing concrete by hand, a water-tight platform fa 
reconunended on which is first spread the sand and then the 
required amount of cement. Two (ur more laborers, an 
even number working on each side of the board, should iVSte- 
matically turn the cement into the sand with a slight ''nip*' 
on leaving the shovel, being sure to cut to the bottom of the 
pile at each stroke. This operation will have moved the loca- 
tion of the pile about two feet. Reversing the direction of 
the operation brin^ the pile to its original position, but in a 
mixed condition, ^y cutting into the pile with a shovel* an 
idea of the imiformity of mixing can easilv be obtained; ^be 
appearance of streaks indicates the need lor another turning. 
If the mixture is of uniform color, the required amount of 
stone may be distributed over the pile, which should be turned 
in the same manner imtil thoroughl^r mixed. Water is then 
added and the mass again turned until the desired consistency 
is secured. 

Mixing Concrete by Machine 

Recent experiments conducted on the strength of machine 
concrete mixed for varying periods indicate that the materials 
must remain in agitation with the water for at least a full 
minute. The tendency to rush work is not productive of good 
concrete, and should, consequently, be ciirbed. In general, 
machine mixing where carefully controlled is superior to hand 
work, since fatigue of the workman has no influence upon the 
thoroughness of mixing. 

Cautions 

On adding water to the dry cement it becomes a soft, sticky 
paste, and will remain so for about one-half hour, after 
which it be^ns to harden or "set." To disturb the concrete 
after this initial set has started means a decided loss in strength, 
while to distiirb it after the set is well under way means to 
destroy the concrete. It should, therefore, be remembered 
that rortland cement concrete must be placed in position 
within twenty or thirty minutes from the time after it is 
first wet. 

A green cement mixture, which can be easily frozen at a 
temperature below 32 degrees Fahr., should be protected 
from exposure by placing canvas or roofing paper over the 
form and covering this with four or five incnes of earth or 
straw. Freezing does not materially affect the binding qualities 
of good Portland cement, provided the concrete is not sub- 
jected to alternate freezing and thawing, does not freeze 
untU after placing, and is not subjected to an^ load until 
it baa been thawed out and aHowei to *^biq^*' \xv \?(\i^ \>E»aal 
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way. It is safest to avoid mixing on days when the tem- 
perature is below the freezing point, that is 32 degrees 
Fahr. If it is necessary, however, to make concrete under 
these conditions, the sand, water and stone should be heated, 
and if the cold is severe, salt should be added in proportions of 
two pounds to each cubic yard of concrete. 



EDITOR'S NOTE 

Above article baaed on data fumiahed by UnivenaX Portland 
Cement Company. 




Fio. 273. Mbasubino Box 



DIMENSIONS OF MEASURING BOXES FOR TWO BAG 

BATCH OF CONCRETE 



PBOPOBnONB 




SIZS 01 


' MSASUHINO BOX 


1 










Sand 




Stone or Gravel I 


Cement 
(2 bags) 


Sand 


Stone 
or 












A 


B 


C 


A 


B 


c 






















Ft. m. 


Ft. Tn. 




In. 


Ft. In. 


Ft. In. 


In. 




1% 


3 


3-0 


2-0 




6 


3-0 


2-0 


12 




2 


3 


4-0 


2-0 




6 


3-0 


2-0 


12 




2 


4 


4-0 


2-0 




6 


4-0 


2-0 


12 




2H 


4 


4-0 


2-6 







4-0 


2-0 


12 




2V6 


5 


4-0 


2-6 




6 


4-0 


2-6 


12 




3 


5 


4-0 


3-0 




6 


1 4^ 




\ "^"^ 


; 


3 6 


4-0 


3-0 \ 


« 


\V. 



r 
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VOLUME OF COMPACTED STONE OR GRAVEL CONCRETE 

PER SACK OF CEMENT 



PBOPOBnONB 


QuAMTims 1 


Oomflnt 


Sand 


Gnvelor 
Stone 


Cemcot 
Saoka 


Band 


Gravel or 
Stone 


Conerete 


Cu. Ft. 


Cu. Ft. 


Co. Ft 




1% 

2 

2 

2% 

2H 

3 

3 


3 
3 
4 
4 
5 
5 
6 




1.5 
2.0 
2.0 
2.5 
2.5 
3.0 
3.0 


3.0 
3.0 
4.0 
4.0 
5.0 
5.0 
6.0 


3.52 
3.90 
4.48 
4.85 
5.45 
5.80 
6.40 



MATERIALS REQUIRED FOR ONE CUBIC YARD OF 
COMPACTED STONE OR GRAVEL CONCRETE 



Proportions 


QUANTITIBB 1 


Oement 


Sand 


Stone or 
Grarel 


Cement 


Sand 


Stone or (btivel | 


Sacks 


Cu. Ft. 


Cu.Yda. 
.43 


Cu. Ft. 


Cu.Yda. 




IH 


3 


7.64 


11.5 


23.0 


.85 




2 


3 


6.96 


13.9 


.51 


20.9 


.77 




2 


4 


6.04 


12.1 


.45 


24.2 


.90 




2^ 


4 


5.56 


13.9 


.51 


22.2 


.82 




2H 


5 


4.96 


12.4 


.46 


24.8 


.92 




3 


5 


4.64 


13.9 


.51 


23.2 


.86 




3 


6 


4.24 


12.7 


.47 


25.4 


.94 



Stone and gravel considered as having 45 per cent, voids. 

;=: 1 cubic foot. 
4 sacks cement = 1 barrel. 



Tables based on 1 sack cement: 



Above Quantities may vary 10 per cent, in either direction, depoid- 
ing upon the zasteriala used and the compactness of the concrete. 

I>ata/or above table* from aha Univendl Portlaud Cement Comvomu. 
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R. S. A. SPECIFICATIONS FOR PORTLAND CEMENT 

CONCRETE (1912) 

1. General 

These specificatioiis are for making concrete as used in 
signal construction. 

2. Cement 

Cement shall be Portland, either American or Foreign, 

which will meet the requirements of the 

specifications. 

3. Sand 

Sand shall be clean, sharp, coarse, and of grains varying 
in size. It shall be free from sticks and other foreign 
matter, but it may contain clay or loam not to exceed five 
(5) per cent. Ousher dust, screened to reject all particles 
over one-fourth (Va) inch in diameter, may be used instead 
of sand, if approved by the Engineer. 

4. Stone 

Stone shall be sound, hard, and durable, crushed to sizes 
not exceeding two (2) inches in any direction. For rein- 
forced concrete, sizes usually are not to exceed three- 
fourths (%) inch in any direction, but may be varied to 
suit character of reinforcing material. 

5. Gravel 

Gravel shall be composed of clean pebbles of hard and 
durable stone of sizes not exceeding two (2) inches in 
diameter and shall be free from clay and other impurities 
except sand. When containing sand in anv considerable 
quantity, the amount of sand per imit of volume of gravel 
snail be determined accurately, to admit of the proper 
proportion of sand being maintained in the concrete 
mixture. 

6. Water 

Water shall be clean and reasonably clear, free from 
sulphuric acid or strong alkalies. 

7. Measure 

The unit of measure shall be the barrel, which shall be 
taken as contaming three and eight-tenths (3.8) cu. ft. 
Four (4) bags containing; ninety-four (94) pounds of 
cement each snail be conadered tne equivalent of one (1) 
barrel. Fine and coarse aggregjates aball b^ TcissbssciaL^^ 
Beparatdy as loosely thrown mto t\ie isi«djeNsvx^x^ftfis^\»s^«s^ 
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8. Density op Ingredients 

(a) For pipe carrier foundations and reinforced con- 
crete, a density proportion based on 1:6 is recommended, 
i. e., one (1^ put of cement to a total of six (6) parts of 
fine and coarse aggregates measured separatehr. 

(&) For signal and other foimdations maoe in place a 
density proportion based on 1 :9 is recommended, i. e., one 
(1) part of cement to a total of nine (9) parts of fine and 
coarse aggregates measured separately. 

9. Mixing 

(a) Tight platforms shall be provided of sufficient size 
to accommodate men and materials for progressive and 
rapid mixing. Batches shall not exceed one (1) cu. yd. 
and smaller batches are pref erabla 

(&) Spread the sand evenly upon the platform, then the 
cement upon the sand, and mix thoroughly until of an 
even color. Add all the water necessary to make a thin 
mortar and spread again; add the gravel if used, and 
finally the broken stone, both of which, if dr^, should first 
be thoroughly wet down. Turn the mass with shovels or 
hoes until thoroughly incorporated, and all the gravel and 
stone is covered with mortar; this will probably require 
the mass to be turned four (4) times. 

(e) Another approved method, which may be permitted 
at the option of the Engineer in charge, is to spread the 
sand, then the cement and mix dry, then the gravel or 
broken stone. Add water and mix thoroughly as above. 

Id) A machine mixer may be used whenever the volume 
of work will justify the expense of installing the plant. 
The necessary requirements for the machine will be that 
a precise ana regular proportioning of materials can be 
controlled and tlmt the product deGvered shall be of the 
reqidred consistency and thoroughy mixed. 

10. Consistency 

The concrete will be of such consistency that when 
dumped in place it will not require much tamping. It 
shall be spaaed down and tamped sufficiently to level off, 
and the water should rise freely to the surface. 

11. Forms 

(a) Where necessary, forms shall be well built, substai^ 
tial and unyidding, properly braced, or tied together by 
means of w&e or rods, and shall conform to lines nven. 

(&) For all important work, the lumber used for face 

work shall be dr^sed on one (1) side and both edges to a 

uniiorm thickness and width, and shall be sound and free 

from loose knots, secured to the cctviddin^ or uprights in 

ioHzoDtal lines. 
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(e) For backings and other rough work undressed lum- 
ber maybe used. 

(d) Where comers of the masonry and other projections, 
liable to injury, occur, suitable moldings shall be placed 
in the angles of the forms to round or b^el them off. 

(e) Lumber once used in forms shall be cleaned before 
being used again. 

(f) The forms must not be removed within thirty-six 
(33) hours after all the concrete in that section has been 
placed. In freezing weather they must remain until the 
concrete has had a sufficient time to become thoroughly 
hardened. 

(g) In dry, but not free2dn2, weather the forms shall be 
drenched with water before uie concrete is placed against 
them. 

12. Disposition 

(a) Each layer shall be left somewhat rough to insure 
bonding with the next layer above; and if it be already 
set, shall be thoroiighly cleaned and scrubbed with coarse 
brushes and water before the next layer is placed upon it. 

(&) Concrete shall be deposited in the molds in layers of 
uniform thickness throughout. 

(e) The work shall be carried up in sections of convenient 
length and each section completed without intermission. 

(d) In no case shall work on a section stop within eighth 
een (18) inches of the top. 

(e) Concrete shall be placed immediately after mixing 
and any having an initial set shall be rejected. 

13. Facing 

(a) The facing will be made by carefully working the 
coarse material back from the form by means of a shovel 
bar or similar tool, so as to bring the excess mortar of the 
concrete to the face. 

(&) About one (1) inch of mortar (not grout) of the 
same proportions as used in the concrete may be placed 
next to the forms immediately in advance of the concrete. 

(e) Care must be taken to remove from the inside of the 
forms any dry mortar, in order to secure a perfect face. 

14. Finishing 

(a) After the forms are removed, which should generally 
be as soon as possible after the concrete is sufficiently 
hardened, any small cavities or openings in the face shall 
then be neatly ffiled with mortar. The entire face shall 
then be washed with a thin grout of the consistency of 
whitewash, mixed in the same proportion as the mortar 
of the concrete. The wash shall be applied with a brush. 
The earlier the above operationa aie i^mcsrKw^\5ckfe\k^s^^ 
will be the result. 
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(&) The top surface of all crank, compensator, well hole, 
lock, dwarf, and hieh signal foundations shall be rubbed 
smooth by hand and shall be true to grade and line. 

15. Watbrproofino 

Where waterproofing is required^ a thin coat of mortar 
or erout shall be apphed for a finishing coat upon which 
shall be placed a covering of suitable waterproofing mate- 
rial. 

16. Frbezino Weather 

Concrete to be left above the surface of the ground shall 
not be constructed in freezine weather, except bv special 
instructions. In this case the sand, water ana broken 
stone shall be heated, and in severe cold, salt shall be added 
in proportion of about two (2) pounds per cu. yd. 

17. Reinforced Concrete 

Where concrete is deposited in connection with metal 
reinforcing, the greatest care must be taken to insure the 
coating of the metal with mortar, and the thorough com- 
pacting of the concrete aro\md the metal. Whenever it 
IS practicable the metal shall be placed in position first. 
This can usually be done in the case where the metal 
occurs in the bottoms of the forms, by supporting the 
metal on transverse wires, or otherwise, and then flushing 
the bottoms of the forms with cement mortar, so as to get 
the mortar under the metal, and depositing the concrete 
immediately afto'ward. The mortar for flushing the bars 
shall be composed of one (1) part cement and two (2) parts 
sand. The metal used in the concrete shall be free from 
dirt, oil, or urease. All mill scale shall be removed, by 
hammering the metal, or preferably by pickling the same 
in a weak solution of muriatic acid. No salt shall be used 
in reinforced concrete when laid in freezing weather. 



SECTION XV 



WRITTEN CIRCUITS 



INCLUDING NOMENCLATURE OF OPER- 
ATED UNITS, CIRCUITS, AND WIRES, 
WITH TYPICAL ILLUSTRATIONS 



WRITTEN CIRCUITS 

WRITTEN Circuits, as hereafter described, have been de- 
signed to oveareome the faults in the old method of 
circuit drawinjg which devdoped upon attempting its 
application to large interlocking installations. 

A circuit plan for an interlocking, drawn up by the old 
method, consisted of a track plan, more or less to scale, on 
which plan symbols of the various pieces of apparatus were 
shown, placed as far as possible in tneir proper relative posi- 
tions; such points as should be electrically connected were 
joined by lines representii^ wires. 

While this metnod has been of great value in the past and 
still remains so for tvpical circuits, automatic signal work and 
small interlocking plants, the plans run into such size when 
used for large mterlockmg installations as to practically 
prohibit its use in connection with that class of work. 

It is true, furthermore, that a great deal of unnecessary 
labor is involved in both drawing and deciphering the circuits. 
For example: The engineer in £^wing up such a plan begins 
with some sinrple sketches, perhaps using s^bols of his own 
invention. After carefully checkmg these circuits and assur- 
ing himself of their correctness, he converts them into the 
rather elaborate form described above, in which the attempt 
to keep down the size of the plan is very apt to result in a 
cramped arrangement of apparatus and a tangle of wires. 
When the man on maintenance or installation wiSies to make 
use of these circuits, he has to reverse the process and reduce 
the composite drawmg to its simple elements. 

Written circuits have been designed to eliminate this un- 
necessary work and especially to secure plans in which the 
complete circuit for any given switch, sig^i, or other function, 
can DO written on a page of ordinary size without crowding, 
these pages being boimd together in a book which will easi^ 
and instantlv permit reference to be made to any portion of 
the wiring of tne plant. 

A set of plans drawn up in accordance with this method 
involves the following: 

1. Location Plan. This shows the relative location of 
track, interlocking station, switch and signal functions, track 
rda^rs, switch circuit controllers, etc. Notes, such as for the 
routing of signal arms, should be included on this plan. 

2. Typic<il Plan of Special Circuits. This shows what is 
proposed to be accomplished in route locking, etc., these 
circuits to be drawn up either by the old method, or in ''written" 
form, as desired. 

3. Typical Plana of Signal Circuit8t Switch Circuit8f etc. 

4. Special Circuita, made up in **tDritten*' form. These 
special circuits are separated so that circuits not connected 
together are kept entirely apart trom eac\i o>j)ti«,\«sassj»^aM«^ 
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up on separate sheets. This desirable feature cauaes the 
"written*^ circuits to be exceptionally clear and permits their 
being readilv erasped. 

5. Detail Wiring Plana, It may be helpful under certain 
conditions to add to the circuits listed aoove, detaU plans 
showing the wiring for the indicator group and interlocking 
machine. 

In drawing up such circuits it is necessary to use a nomeiH 
clatiu*e for nammg the apparatus and to adopt eymbols to be 
used in writing the circuits. A nomenclature of operated units 
and of circuits, which has been used for some time by the 
General Railway Signal Company and found thoroughly 
practicable is jziven on the following pages. 

On page 337 is given a nomenclature of wires. It is to be 
understood that this is equally applicable to written circuits 
or to circuits drawn up by the older methods. 



NOMENCLATURE OF OPERATED UNITS 

A — Approach Relay or Indicator. With number as pre- 
fix, indicating number of principal signal up to which the 
approach section controlling same leads, as lOA. 

B — Positive Battery Wire, Used alone where onhr one 
battery voltage is in use. When used with H as a 
suffix (BH) indicates 110 volt battery. When used with 
L as a suffix (BL) indicates low voltage battery. When 
more than one low voltage battery is used with dif- 
ferent voltage, use number indicating voltage as further 
suffix, as BL~10, indicating 10 volt batteiy. 

C — Common Wire. Used alone when only one common is 
in use. When used with H as a suffix (CH) indicates 
110 volt common. When used with L as a suffix (CL) 
indicates low voltage common. When more than one 
high voltage or low voltage common is used, use num- 
bers as further suffixes. (CH-1, CH-2, CL-l, etc.) 

D — Relay or Indicator Controlling the Ninetjn Degree Posi- 
tion or Distant Function of a Siqnal. With prefix ind^ 
eating the number of principal signal which it controls, 
as lOD, indicating reiiay or indicator controlling the 
ninety degree position of signal No. 10, or signal No. 
10 if It is a distant signal in two position signaling. 

E — Special Relay or Indicator (other than T, D, H, K, or F 
relays and indicators). With number as prefix indi- 
cating number of principal unit entering into its control, 
or inoicating principal unit which it controls. 

F — Relay or Indicator Repeating a Track Relay or Signal. 
With number as a prefix indicating number of relay or 
signal which it repeats, as lOF. 
^P — J^laor Push. 
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G — Switch Indicator. With numbor of signal governing 
through block in which switch is located as prefix, as lOG. 
H — Reuiy or Indicator Controlling Forty^five vegree Position 
or Home Function of a Standi. With prefix indicating the 
number of principal signal which it controls, as lOH, indi- 
cating relay or indicator controlling the forty-five degree 
position of signal No. 10, or signal rio. 10 if it is a home 
signal in two position signaling. 
J — Junction Box or Terminal Board. With arbitrary num- 
ber as prefix, as 10 J. 
K — Lock Relay. Used in connection with route or detector 
locking for interrupting the current supply to switch 
and derail machines, etc., with number as a prefix, 
indicating track section affected by it, as lOK. 
KS — Knife Switch. 
L — Lever Lock. With prefix indicating number of lever 
which it locks, as lOL, meaning lock on lever No. 10. 
LA — Lightning Arrester. 
LC — Latch Contact. With prefix indicating number of lever, 

aslOLC. 
M — Man4u}le. With arbitrary number as prefix, as lOM. 
PB — Push Button or Strap Xey. 

PC — Pole Changing Relay. With prefix indicating number 
of signal at which relay is located or number of signal 
controlled by it. 
S — Stick Retay, Used in connection with route locking. 
With number as prefix, as lOS, meaning stick relay 
locking route of signal No. 10, or locking operated units 
in track section lOT, if separate stick relays are used 
for each track section. 
SL — Outlying Switch Lock. With number as prefix indi- 
cating number of controlling lever. Use arbitrary 
number if there is no controlling lever. 
T — Track Circuit. With number as prefix indicating num- 
ber of track circuit, as lOT, which is also the name of 
the track relay for track circuit lOT. 

Nom. — The number for the track circuit is taken from the following in 
the order givwi: 

M. P. Frog or 

Switch or 

Derail or 

Arbitrary numbers 01, 02, 03, etc. 

TL — Traffic Lock. With prefix indicating number of lever 

which it controls, as lOTL. 
TP — Telephone. 
TR — Time Release. With number as prefix indicating 

principal unit which it releases, as lOTR. 
V — Electric Slot. With number of signal as prefix, as lOV. 
XB — Crossing BeU. With arbitrary number as prefix.^ «m*l 

aslOXB. 
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NOMENCLATURE OF CIRCUITS 
Symboi^ for Operated Untts 

An operated unit (signal, relay, indicator, etc.) is iwre- 
sented by a rectangle with the numoer and letter of the remy, 
aignal, etc., inside, thus: 



10 H 



10 F 



10 



The fortv-five degree mechanism of a three-position signal 
is indicated thus: 



45 



And the ninety degree thus: 



10 
00 



Circuit Controllers Operated by Switch Points 



Closed when switch is normal,. . . 

Closed when switch is reversed, . . . 

Closed when switch is normal and 
locked in position, 

Closed when switch is reversed and 
locked in position, 



Z' Switch Number 
10 ■ 



® 



10 



1®f 



-%■ 



Circuit Controllers Operated by Signals 

Closed at 0° only, 

Closed at 45° only, 

Closed at 90° only, 

Closed at 60° only 

Closed between 0° and 45°, .... 

Closed betwecD 45° and 90°, etc., . . i<l 



. iT signal NumlMf 
10 



■-% 



10 



"iSb 



~^^ 
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ClBOUIT GONTROLLBRS OPERATED BY LEVERS 

N B C D R Symbol 



N — Full normal position of lever. 
B — Normal indication position. 
C — Intermediate position. 
D — Reverse indication position. 
R — Pull reverse position. 

Heavy horisontal line indicates porticm 
of cycle of lever throun^ which circuit is 
closed. 




+ 



% 



^ 



1^ 



Relay and Indicator Contacts 

, Relay Number 

Neutral front contact, ,ot 

Neutral back contact, jj^ 

Normal polarized contact, [iot 

Reverse polarized contact, lioj 

Intermediate contact on three-posi- 
tion relay: Closed when rday is 
deenergized, « » lox <^ 

This Release Contact 

Normally dosed, motr/— 

Normally open, vq-Ws 



f 
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Latch Contact 



Nonnally closed, 
Normally open, . 



-10LC - 



Push Button or Strap Key 
Normally closed, V^V" 

Normally open, pb - 

Knife Switch 
Normally closed, V*^'/ 

Normally open, ks - 



Terminal 



10 J 



Meaning terminal in junction box 
No. 10 or on terminal board No. 
10. 

NoTB. — Small numbers written as exponents to the rij^t and abov* 
relay numbers, lever numbers, etc., indicate contact numbers. 

Relay or indicators contacts are numbered from left to right looking 
toward the relay. 



Graphical Symbols for Circuit Controllers 
Operated by Levers 

Model 2, interlocking machine. 







BCfTTOM 



Lever Contact Numbering 

Model 2, interlocking machine. 

Top 



H M y M 

M M W H 



RevcRse 



MORMAU 



^ 
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NOMENCLATURE OP WIRES 

The matter of primary importance in nammg wires is to 
have a different name for eacn wire and have it so shown on 
both the plan and suitable tags attached to the wires: this in 
order that a wire on the ground may be quickly identified on 
the plan. 

At the same time it is highly desuable to have a wire nomen- 
clature system that is suggestive, so as to reduce, as for as 
possible, the necessity for reference to plans. 

On account of the multitude of circuit combinations possible, 
a system must be rather elastic. With all of the above taken 
into consideration, the following is submitted as a practicsEd 
system of wire nomenclature. 

NoTB. — Names of wires are shown on plans in brackets, thus: (lOD). 
Number of cable containing a wire may be written above and at right 
angles to the wire, thus: e 

I — Indication Wire. With number of unit which it indi- 
cates as prefix, as 101. 
LL — Lighting Wire, 

N — Normat Control Wire. With number of operated unit 
which it controls as prefix, as ION. 

P — Ninety Degree Control Wire. With number of signal as 
prefix, as lOr. 

R — Reverse Control Wire. With number of operated unit 
which it controls as prefix, as lOR. If 10 is a three-position 
signal, lOR is the name of the forty-five degree control 
wire. 

V — Slot Wire. With niunber of signal as prefix, as lOV. 

X — Wire going to positive battery through a circuit con- 
troller on a signal closed in the zero degree position only, 
with the number of the signal as a prefix, as lOX. 

Y — Wire going to positive battery through a circuit con- 
troller on a signal closed from zero to forty-five degrees 
only, with the number of the signal as a prefix, as 10 Y. 

Z — Wire going to positive battery through a circuit controller 
on a signal closed in the clear position if the signal is a 
two-position signal, or closed from forty-five to ninety 
degrees if the signal is a three-position signal, with the 
number of the si^al as a prefix, as lOZ. 
Wires not covered by the above are named as follows: 
A wire leading from the operating coil of a unit toward 
battery positive takes the name of this unit, as lOH, meaning 
the wire from the coil of home control relay for signal No. 10 
leading to positive. After passing through a circuit controller, 
it takes the number "1" as a suffix, as lOHl. This suffix 
number increases by one as the wire successively breaks through 
additional controllers. 

The wire leading from the operatinst coW \.o>aaXXierj T«©>iQc^'i> 
takes the name ofthe unit wfth the \ettec " C ^a ^ \it<3Ssx.>'«« 
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ClOH, and after breaking through successive controllers is 
written ClOHl, C10H2, etc. 

The above method applies directly to simple circuits having 
no branches, thus: 



C-i6fJ2!2H]2_,8f-J5!2h1 



10 H 



i10HL.„Fi22H1},4F-B 



In cases of branch wiring this method is applied directly to 
the principsd circuit — circuit for superior route. The first 
branch from this circuit takes the suffixes 21, 22, etc., instead 
of 1, 2, etc. The second branch 41, 42, etc., thus continuing 
allowing twenty numbers for each branch. 



^ \ i ubt; f ;t ti g 



*i 



i 




JTbwer^_ 



.1000' 






»TR 



tt«»^ 




fiL- 

BL- 
BL- 



BN- 



•03T 




.,TR?.^ta— 3r«Jlkl}_ la^-iliJL. LC 



CL — no 



(\tii 



"^ 



1*^ (II) 



I 



ilH 



3f 



ilfiL 



>^ (ipg 5r^ ClEi) ,o' — fl2^ 



-a 



-CN 



Fia, 274. Section of Location PijAB "wrtH. ^^t^cuii. Cracaro^ 
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ILLUSTRATIONS 

Illugtrative of "Written Circuits** and "Wire Nomen- 
clature," is shown in Fig. 274, a section of an interlocking 
plant with the special circuits used in connection with such an 
arrangement. In accordance with the instructions given under 
"Location Plan" on page 331, the track plan with the rela- 
tive location of signal and switch functions, track relays and 
the interlocking station with its indicators, reia3rs, etc., is shown. 

Below the track plan are shown the special circuits drawn 
up in written form. Referring to the sheets of nomenclature 
shown on the preceding pages, it will be seen that the circuit 




FiQ. 275. Signal SsLBcrmo Circuit 

shown at the top is for the control of the annunciator for 
signal No. 1, this taking low voltage battery through front 
contacts of the track reGiys for sections 03T and 02T. Sim- 
ilarly the control of lock IL takes battery through normally 
closed contact No. 2 of screw release ITR, the front point of 
home relay 3F, the front point of contact No. 2 of stick relay 
IS and the latch contsust of the lock itself; the current after 
passing through the lock goes to the low voltage common 
wire. Information regarding the operation of this type of 
epecial circuit may be had by reference to the Section on 
''Electric Locking Circuits" (page 133). 

Fi^. 275 illustrates the method of writing a signal selecting 
circuit. This is included principally to show the application of 
the wire nomenclature to the different branches of the same 
circuit. The wires of each branch are designated in the same 
mann^ as in the principal circuit but with the suffixes 21, 22, 
28, or 41, 42, 43, etc., these dependimgui^oti Wi<& Qft^« Vx^.-^i^KssStN. 
the different branches are takein from t&« -^t\TL<£Y^^ c^s^sccl^.. 
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SECTION XVI 



SIGNAL ASPECTS AND SYMBOLS 



COVERING STANDARDS ADOPTED BY 
THE RAILWAY SIGNAL ASSOCIATION 
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SIGNAL ASPECTS AND SYMBOLS 



R. S. A. PRINCIPLES OF SIGNAL INDICATIONS 

(1906) 

(a) On all hieh signals conferring or restricting rights a 
red light shall be the night indication for stop. A yellow 
light fihall be the night indication for caution, and a green 
light the night indi^tion for proceed. 

NoTB. — ^The word caution to be used as indioatiiig the function of 
a distant signal. 

(&) The day indication of semaphore signals shall be 
given in the upper right-hand quadrant. 

(c) The semaphore arm in tne horizontal position shall 
indicate stop, Inclined upward forl^-five (45) degrees, 
CAUTION, and inclined upward, nmety (90) degrees, 

PROCEED. 

SIGNALING PRACTICE AS DEFINED BY THE 

R. S. A. (1913) 

Memorandum on the Essentials of Signaling 

Incorporated in the Report of the Committee on Trans- 
portation of the American Kailway Association, May, 1911. 

"The reports of various Committees of the Railway Signal 
Association and of the American Railway Engineering jQso- 
ciation on the subject of signaling have been submitted to this 
Committee, with the request that the essentials of signaling be 
outlined or defined for the future guidance of their Committees. 

The subject has been carefully anal}rzed and considered. 
There are three signals that are essential in operation and 
therefore fundamental, viz: 

1. Stop. 

2. Proceed with caution. 
8. Proceed. 

The fundamental, "proceed with caution," may be used 
with the same aspect to govern any cautionary movement; 
for example, when: 

fa) Next sigpal is "stop." 

fb) Next signal is "proceed at low speed." 

(c) Next sig;nal is "proceed at medium speed." 

(d) A train is in the block. 

(e) There may be an obstruction ahead. 

There are two additional indications which may be used 
where movements are to be made at^ restricted speed, viz : 

4. Proceed at low speed. 

5. Proceed at medium speed. 

Where automatic block system rules are in effect, a special 
mark of some distinctive character should be ^i^i^Vv^ ^1 "^V^ 
Btop 8^;naL 
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The Committee th^^ore recommends: 

Signal Fundamentai^ 

1. Stop. 

2. Proceed with caution. 

3. Proceed. 

Supplementary Indications to be Used Where Required. 

4. Proceed at low speed. 

5. Proceed at medium speed. 

Stop signals operated imder automatic block system rules 
shoula be designated by some distinctiye mark to be deter- 
mined by each road in accordance with local requirements.'' 



» 



Recommendations of Committee I 

Your Committee submits for approval the following two 
schemes of sienaling in conformity with the recommendations 
of the Commfitee on Transportation. 

Scheme No. 1 
Fundamentals 



1. Stop, 




2. Proceed with caution, 




3. Proceed, 



As means of designating stop signals operated under auto- 
matic block system rules, the following are suggested : 

1. The use of a numl^ier plate; or 

2. The use of a red marker light below and to the left of 
the active light ; or 

3. The use of a pointed blade, the blades of other signals 
Saving the stop indication having square ends; or 

4. A combination of these d\Btm^^u&lDiTv^tea.tureB. 



mUBCTBlC INTBBLOGKING HANDBOOK 



846 



Scheme No. 2 



Supplementary 
Fundamentals Indlcatlona 



1. Stop, 



2. Proceed with caution, 



k? 



• • 



^ 



3. Proceed, 



n 



iD 



4. Proceed at low speed, 



<? 



5. Proceed at medium speed, i] 



As means of designating stop signals operated imder auto- 
matic block systems rules, the following are suggested : 

1. The use of a number plate ; or 

2. The use of a red marker light below and to the left of 
the active light ; or 

3. The us^ of a pointed blade, the blades of other signals 
giving the stop indication having square ends ; or 

4. A combination of these distinguishing features. 
Having in view the practice of indicating diverging routes 

by several arms on the same mast, the Committee submits 
for approval the following to establish uniformity in this 
practice: 
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Scheme No. 8 



1. Stop, 



or 



or 



or 



V? 



2. Proceed with caution, 



\0 k? 



or 



or 



J] 



3. Proceed, 



J] II 



or 



or 



4. Proceed with caution on low- 
speed route, 



v(J> or ^ or [<;> 



5. Proceed on lowHspeed route, . . J] or -^ or ^^ 



6. Proceed with caution on medium- 
speed route, 



<:> 



7. Proceed on medium speed route, 



n 
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8. Reduce to medium speed, 






or 



As means of designating stop signals operated under auto- 
matic block system rules, the following are suggested: 

1. The use of a number plate; or 

2. The use of a red marker light below and to the left of the 
active light; or 

3. The use of a pointed blade, the blades of other signals 
giving the stop indication having square ends; or 

4. A combmation of these distinguishing features. 

The above three schemes are submitted, after an earnest 
effort to carry out the Committee's imsrtructions to submit a 
uniform scheme of signaling, with the idea that each scheme 
is complete in itsdf . 



SIGNAL DEFINITIONS 

A "non-automatic" signal is one which is in no way con- 
trolled by track circuit. 

An "automatic" signal is one, the primary control of which 
is the track circuit, or in other words, it is a signal which 
automatically gives indication in regard to the integrity of 
the track tlurough its block. 

A "semi-automatic" signal is a manually controlled auto- 
matic signal and may, or may not, be interlocked. As to 
whether it is, or is not, interlocked, will be apparent from its 
position on the plan and its relation to other signals. It is 
to be understood that this manual control is direct, and that 
a signal is not to be considered semi-automatic because some 
feature of its control is dependent upon another signal which 
is manually controlled. The term "slotted" refers only to a 
mechanical signal equipped with an electric slot. 

A "stick semi-automatic" signal is a semi-automatic signal 
which will not clear automatiodljr after it has been put to 
stop by interruption of the track cm;uit. It cannot be cleared 
again until the manually operated device controlling it has 
been restored normal and reversed once more. 

A "non-stick-automatic" signal operates automatically as 
long as all contacts (lever, signal, controller, etc.), other than 
track relay contacts affecting its control, are closed. 
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R. S. A. SYMBOLS FOR SIGNALS 
Fx^ATB 2 (October, 1912). 




Mist. 



HK 



Gmund M/Ustnitn 

BiMGKET ArTACHMnr. 



!..». 



rjti" 



Opfsct 
Bnmcret Post. 



f — , }.. — , 
V...J ^..^ 



T 



Post. 






Mast. 




: 

-L 



RiNB CNCLOSCP 
CHMMCTCmSTlCS 
MEAN UCHTSMNM 
ONLY. 



T 



tt^^Ml^^vT* V^^^^l^^^B I 



Pot S16NAL. 



Disc Sunals. 




PMCfCO. 



® @ © ® 



home otstant distant double 

Stop. Proceed. Caution. FUnctiqneo. 









Pncsent Signal to be Removed. 



PmsENT Signal to Remain. 



Relation OF tnk Signal TO TM lltt^iM TIC DiiOTMii OF TtaAme 

£1_ ^^^ 



"^ R16MT Hand Locations. 



R16HT Hand Simm. . 



Lcft Hand Sisnal. 



Left Hand Locations. 



H 



U 



Rhht Hand Sigiim.. 



Left Hand Sigiim.. 



I 
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R. S. A. LOCATION SYMBOLS 
Flats 3 (October, 1012). 



■♦■ 



Track Cmcuits m 
Both Dinecrioiis. 



iNSUUmNG RfUL JOMTS. 



Track Circuit on 

LEFT.NONeONRMNT. 



IMPCOANCC Bono. Traffic Omcction. 



TlMOt CaOUIT ON 
RiVCT, NMI on LCfTa 

Trmk Am. 



(iMLfM 



Station. 



Gnosswe Gate. 



SI6NAL SCNM. SuB-SnmoM. 
Power SixnoN. 



4^^4 



S= 



i 



T 



TuNNn.. BmoGjE OR Viaduct. Omw Briooc. 

NOTE: ST«n wNtTNoi Otm.HMLF 



Lift 



U 



• I 



■t-1- 
I I 



Overhead 
Briocc. 



SlOiAL 

BmD6t. 



Proposed RAHjMMr 



X 



Hicmwnr Railway 

Crossing. Crossm 

NOTC: Skotv WMmw Stum m Elkw Rv. 



O-J 



1 



s 



Mail Crane. Water Tank. W»tcr Column. Trmk Instrumert. Torpedo Moornc. 

TffMm Stops. 



SroR. 



Cliar. 




NON •Automatic. 
Mechanical. Power. 



Slotted. 



Semi- 
automatic. 



AUTQMATC. 



T 



OO 
Power Snitch 

Machine. 






Insulated 
Switch Rod. 



TUrn-Out 
AND Switch Stand. 



T 




Electric 
Switch Lock. 
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R. 8. A. LOCATION SYMBOLS 
Flats 4 (October, 1912). 



(^ 



S 



Q 



Relmt Box. JUnchon Box. Termmim. Box. Lightnim Arrester 

Box. 



BATnnv Chute. 



^ 



OMHTV 



-a 



Rcuv Box MO Post. 



■K CMMITV— R^ 

cwMirr L IJ 

Battery Chutc, Relay 
Box AND Post Comumeo. 



? 



: TrfC OFMOMATOR 
TOBECOVCMOBY 
•ENCMkNOTt. 



SwrrcN Box Location. Switch Indicator. 



? 



SmrCH IHOIOATOR 

AND Smtitoh Box. 



CD 




Cabu Pkt With One With Two With Reuy With Relay With Reuy 
Onut. Indicator. Inoigatons. Box. Box and One Box and Two 

Indicator . Indicators . 



-0- 



AODVE Surface. 



hau Aoove Surmge. 



Bujdw SuRfAOE. 



HlONVMr CR0SSIN6 BELL. 

> Battery Shelter. 



(noiMES Motcxn gipmity) 



5 



OR 



llMCK BATTERT 



i 
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R. S. A. LOCATION SYMBOLS 
Flats 6 (Ootober, 1912). 



Intiilogrid SWitbim and Dimuls 




SwiTCH-Srr nm TOm-Omt* 



^ 




SMffTCH-SCT RM STRMHrllMK. 



Derail- Point 1Vpc-Dciimun6 . 



DCRAIL- POIMT IVPC-IIOII-ODMUM • 



DERML-UmNO RULTrPE-OEWUUNe. 



OeiML'-Lrrwe RMLTrfi-NoN-DBMUM. 



DCRML-LlFTM BLOCKTlTK-DCIUIUNe. 



SMC AS ««NE imPT SMOM 



DeiiAiL-LimNS BLOCRTvPf-Hoir-OiMiuM. 
m hmnslis OMiTTtt. 



Runs 

W CDMICCTNNS. 



Ppe-Wire(mechJ. 



•••• • •••••••»«••••• • • • ••• •••»» 



WiRcOucr. 



COMPRCSSCO Am. 



Pipe-Wire and Duct. 



Pipe— Will am Am. 



•■■•• ■■■■■■■ i^^i* »■■■*— i^i^^M^^ 

Duct an»Air. 



PiPE-WME, Duct and Air . 

|M) 

Man-holc. 



Bolt LOOKS. 



..^ -B 



tmmmma 



i-Wtar. 



Detector Bar. 



I 




2-Wnr. 



Bou LOCKED Switch* ^'^^' 

SiJil.-SimcNALocKMova«i: ClWOS.^ 
F.P.L.*FAcns PomtLocx. 



-/W 



i-mf. I 



Compensator. 



Arrow Indicates Omection 

OF MOVEMENT OF PiPE LME- 
NORMALTO REVERSE. 



e-fw.] 



■« 



©- 



^ 



On. Enclosed Pipe une. 3-VKf. 



TRACK 



i^ himLDCKMBORBUNXSlXnON. (517| 

OPERArORFAGIieTRAGK. OPERATOR MTK BACK TOIIACK. 

tUNLCss orMcnnsc SPcamB ON puiN rr una re assumed that where an 

NtTfRLOGMED SlONM. IS SHOWN GUAR ON A OENML SHMM M HON^DERMUNS 
MSITNM THE CONTROUJNe LfVER B reversed, AND TMTAa OTHER UVCRS ARE 
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ROM 


m 


Bun 


LUD-WT. 






















J,-«L. 


n\ 


1 


. 1- 


ttn 



bmuk Uu-owr. 

=7r 



OmmmtMt liu-m 
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R. S. A. SYMBOLS FOR RELAYS. INDICATORS AND LOCKS 

Platb 7 (October, 1912). 



RUAVS, IM WOCT O I H AMO UOKS 

Clemdits er SvMtOLS r~T 



TOK commtoM 

NCCCSSMIV. 



4:il til 

T rit 
J- 



ri 



D 




T"T 



i i x j>. 



U4 

n 

B 



la • I • I • • 
I • 11 • • 

^••« A..^ A ask 



^--* TTT* V"* 

C<: OR :X:« OR ;>::• 
J?C «."-» fe:l 

■£t -O- 



Pr 



IX? 



O.C.CUSTMMMNn. 
A.C.CUBTM IIMNR. 
CM.EMCMIIO 0« Ol-B«IIIIXIO. 

NnmiM. Front GMiMr-OMMMONH. 
NnmuLBAOR CoifrMT-CiMioiROKN. 
POURinO ARMftnM - witn Contmts. 



J. 3-PMITIOII ARMMnM-Wmi CORIMTS. 




jfMN CURRCHT CONTK6T. 

Mamctk Blon-ivt Cwtmt. 
Beu ArrAOMMENT. 

DOURIC WRIOMR-)Rianr W OVfUfNTML. 

Slow Aotwn* 

DhcIVm iNMuraR. 0«Dnelivii«ii.9«OMVittiti. 

SCMAMRRE IVRE iNOIMrOR* p"" S-POWnON. 

Wire Wound RonroR 

STATlONMrv WmOMI. ii^«1lNN VIOITAK WlNDttl6. 



ELEOmiB LOOK- Show SEOMKNTS FOR LEVER IN NMMAL 
POSITNN* 

(SEI NEXT Mfif PM-EXAMPLES If C0MBlNAH0Nt.) 
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R. S. A. SYMBOLS FOR RELAYS, INDICATORS AND LOCKS 

Platb 8 (Oetober, 1912). 






lllUKVS , hlPMATORS AliaLOGKS* 

EXAMPUS OP COMeiNATIOllS. 

D.C. RELAY- Neutral- ENCRGizeo - « 

One Inoeknknt FHont Cqnuct Closco- 
Onc Inkpenociit Back Contact Opcn. 

OX.RELAY- POLAROCO - Encmizco - 

IWO COMtMATlON FRONT AND BAGN NEUTRAL CONIACTS* 

•UL I^M Polarized Contaibts Closed « 

^ TWoPOLAROSD Contacts Okn. 



fi. 



0. C. moiGATOR • Semaphore Type- Enerquo - 
Three Front Contacts^ Closed • 
Bell Attachment. 



O.C. INDICATOR - Semaphore Type - Arm Horizontal « 
Enereizeo- Without Contacts. 

NiTI : InOKATMS (M MNATtRS) WITNOUT OONTACTS SMOUIO OC SHOWN 
•NTH IMMAniin TO MONATI WMTHER INUimiO OR Ot-INIR- 
CIZSO. 

A.C. RELAY- One Eneroizins Circuit Type (Sinrc Phase) 
Energized -One Front Contact. 



A.C. RELAY- IWO ENCRGIZIN6 CtRCUIT TVPE- ENER61ZE0 -^ 

Wire Wound Rotor - 

Tm Neutral Front Contacts . 



A.C. RELAY-TVm EHiROiziNe Circuit IVpt - Enerorcd » 
W»E Wound Rotor - 
IWo Polarized Contacts. 

A*C RELAY-'nio Eneroizino Circuit Type-Enereized-" 
Stationary Wmomes • 
One Neutral Front Contact « 
TWO 3- Position Contacts. 

O.C.MTERL0CXED RELAY. 
P O.C. ELECTRIC BEU.. 

OEMHffC RmSTMIGC M ONM OF MX OlCNIURrS, MftCATOM H» lOlKS. 




OBNBBAL BAILWAY SKHtAL COUPIMT 



H -Full Maiuii. ftnrrm or Levck 
A-NonuLlKnurm Posirai. 

C-CEHrRU.F1UITKM. 
D-REvina linUTKW POIITOI. 
R-FuLLHiVERMPMiTign. 



S-tnttM-Ptamn. 

L'Fuu. Reveiue Rnirm id tic Lift. 

B-UMwrmPasrniii-TOTKLcn. 

O-lmuTHa PosiiiOH tD^x Rnht. 

H-FUU. RPIWM POBTIOK TO THE FOHT, 






-®-f 



-©-:' 






-©-.. 

-©- 

-®- 

-©- 

-©- 

-©-■■ 

-®- 

-®- 

-®- 
-©-■■ 



-®-!-'l 
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R. S. A. SYMBOLS FOR CIRCUIT CONTROLLERS 
Plaxb 10 (October, 1912). 



Circuit Controllers OptRATCo by Signals. 

UPPER QUADRANT. LOWER QUADRANT. 




3 -Position 
Signals. 




60^-70* w 
75 Signals. 




Closed at Only. 



ClOSCO at 45 Only. 



Closco at 90 Only. 



Closed to 45 



Closco 45^to 90** 



Closed kt Owt. 

Closed in Clear 
Position Only. 




\ / 



Closed^ 
Open. 



£:::£ 



tt 



Circuit Controller Operated by looking 
SmriTCN Circuit Controller. Mechanism of a Switch Movement. 




Closed. 
Open. 



BfRoee Circuit Controuer. 



POU CNMieWG CiRCUfT CONTROUen. 

t 

SPRms Hand Key or Push Button. 



Ju- 



Circuit Switch. 
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R. S. A. SYMBOLS FOR CIRCUIT CONTROLLERS, RELEASES. ETC. 

Platb 11 (October, 1912). 





Manual Time Pelcase 

(ELECTRIC) 



St 



Manual Time Release . 
( electro -mecham*l.) 




Automatic Time Reuasc . 
(electric) 



Emergency Release . 

(ELEbTRie) 



f( 



n 



Floor Push. 



OPEN. CLOSED. 

LATCH Contact, tirack instrument Contact. 

Knifi SMTrroHis 







! n 



Rheostat. £ 5wcle Pole. Double Pole. Sinele Pole. Double Pole. 

SlNELE "niROW. DOUBU TiMROW. 



N^tt 



Quick Actino Circuit Controllers may be Distinguisned by the letter 9 




— sAAAA— 

Fixed Resistance. \IMuble Resistance. 



5 



Fuse. 



—nmPT' — 

Impedance witnout 
IRON Core. 



Impedance with 
iron Core 



Condenser* 
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R. S. A. SYMBOLS FOR BATTERIES, GENERATORS, MOTORS, ETC. 

Platb 12 (October, 1912). 



BATTiinr. I , 

4* _.....•.. I^^HCLTtHMIIAtS. 




ililililil. , 



ecus M Mmtifu. Cells mScmes. ^ 

6 - GmJy^m "^' UflflfiAflJ UflfififlflJ 

p-poTASM M |7RRRRnnr| (^(^ 

CIAMFLES:»»,«S,ETO. TWNSnWMiW. 



(M) (|) 




0.&MOTO*. aC.6«ciMnM. AjCwMOTOR. 




(mmI) #-(|) 



AX.SCNCIUTOt. aC-aCMfTOR-enCMTM. AjCr&ClMTW-aeKIATM. 





Hg)- xi 




;*>- — (v; 

MMCTt*. VmjMrm. WkTTMm*. TacmoM 

I Spieii. Doueui. 

iNCANKSttllT Lamp. LWNTHWI AMfSTU. TbawNIMLS. 




± 



Wines Cmss. wiics Jom. Gmimo. 



Common ** w«c . Other than * Common" WMe . 



Track Circuit Wire. Dwection of Current. 



I 



SECTION XVII 



GENERAL DATA 



CX)VERING THE WEIGHTS OF G. R. S. 
INTERLOCKING APPARATUS, MAINTE- 
NANCE TOOLS REQUIRED, BELTING, 
PULLEYS, SWITCH-LEADS AND CROSS- 
OVERS, TABLES OF NAILS, SCREWS, 
NUTS, ETC., TABLES OF SPECIFIC 
GRAVITIES, WEIGHTS AND MEASURES, 
FAHRENHEIT AND CENTIGRADE TEM- 
PERATURES, FRACTIONS AND DECIMAL 
EQUIVALENTS, POWERS AND ROOTS, 
AREAS AND CIRCUMFERENCES OF 
CIRCLES, ETC., ETC. 



II 



GENERAL DATA 



Shippins 

Charging Apparatus PniSSf* 



SHIPPING WEIGHTS OF G. R. S. APPARATUS 

Shippins 
Welipits, 
Pounds 

D. C. Generator, capacity 1.25 K. W. (Page 169), . . 290 

D. C. Generator, capacity 2.50 K. W., 340 

D. C. Generator, capacity 3.25 K. W., 500 

D. C.-D. C. Motor Generator Set, capacity 1.25 K. W. 

(Page 168), 600 

D. C.-D. C. Motor Generator Set, capacity 2.40 K. W., 800 

D. C.-D. C. Motor Generator Set, capacity 3.25 K. W., 1050 

The above weights cover the necessary starting devices 
and field rheostats. 

Transformers 

Type K, air cooled (Fig. 249) 20 

Type LI, complete with oil, hanger, and cut-outs 

(Fig. 247), 130 

Type Li2, complete with oil, hanger, and cutouts, 175 

Type L3, complete with oil, hanger, and cut-outs, 210 

Power Switchboards 

Board, 24*' x Ze", controlling 1 H. V. battery and 1 
generator (Fist. 117), 210 

Board, 24" x 48 , controlling 1 H. V. battery, duplicate 
sets of L. V. battery and 1 generator (Fig. 119), . . 410 

Board, 48" x 48", controlling 1 H. V. battery, duplicate 
sets of L. V. battery, 4 sets track battery, and 1 gen- 
erator (Fig. 121) 600 

Operating Switchboards 

1 Section Board, 12" x 36", no voltmeter (Fig. 128), . 280 

2 Section Board, 24" x 36", no voltmeter 530 

3 Section Board, 36" x 36", no voltmeter, 800 

1 Section Board, 12" X 48", with voltmeter, 350 

Panel, 12" x 12", with voltmeter, . 70 

Lighting Paneus for Power and Operating Boards 

Panel, 12" x 12", with 5 S. P. S. T. switches (Fig. 130), . 90 
Panel, 12" x 18", with 10 S. P. S. T. switches (Fig. 132) , . 110 
Panel, 12" x 24", with 6 D. P. S. T. or 12 S. P. S. T. 

Panel, 12" x 36", with 9*D. P. "s.* T. or 18 S. P. S.* T. 
switches, 190 

Interlocking Machine 

Model 2 — 1 tier locking. 

Per lever, 90 

Per spare space, *V5i 
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r f nllHlflMf 
UtTmbhttL 

Model 2 — 2 tier locking. pwmdi 

Per lever, 100 

Per spare space, 80 

Model 2 — 3 tier locking (Fig. 137). 

Per lever, 110 

Per spare space, 90 

Model 2 — 4 tier locking. 

Per lever 120 

Per spare space 100 

Unit Type — 1 tier locking. 

Per lever, 110 

Per spare space, 80 

Unit Type — 2 tier locking. 

Per lever, 120 

Per spare space, 90 

Unit Type — 3 tier locking (Fig. 136). 

Per lever, 180 

Per spare space 100 

Unit Type — 4 tier locking. 

Per lever, 150 

Per spare space, 120 

The above weights for machines complete with levo^, 
individual polarized relays, riveted loclang, and cabinet. 

Complete Set of Locking — Average weights pa* work- 
mg lever. 

1 Tier of Locking, 10 

2 Tiers of Locking, 15 

3 Tiers of Locking 20 

4 Tiers of Locking, 25 

Separate Lever complete with polarized relay, .... 40 

Lever Lock (Fig. 141) applied to machine, 10 

Switch Layouts (Crank Connected) 

Single Switch, Model 2 switch machine (Fig. 168), . . 1000 
Single Switch, Model 4 switch machine (Fig. 162), . . 1500 
Split Point Derail, Model 2 switch machine (Fig. 165), . 1000 
Split Point Derail, Model 4 switch machine (Fig. 164),. 1500 
Hayes Derail, Model 2 switch machine (Fig. 167), . . 1100 
Hayes Derail, Model 4 switch machine (Fig. 166), . . 1600 
Wharton or Morden Derail, Model 2 switch machine 

(Fig. 169), 1100 

Wharton or Morden Derail, Model 4 switch machine 

(Fig. 168), 1600 

Single Slip Switch (one end). Model 2 switch machine 

(ftg. 171), 1000 

Single Slip Switch (one end). Model 4 switch machine 

(Fig. 170), 1500 

Double Slip Switch (one end), Model 2 switch machine 
{Fig. 173), ^as*i 
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Poundfl 

Double Slip Switch (one end), Model 4 switch machine 
(Fie. 172) 1800 

Movaole Point Frog, Model 2 switch machine (Figs. 
175, 177), 1600 

Movable Point Frog, Model 4 switch machine (Figs. 
174, 176), 2000 

The above weights are for switch machines complete 
with tie plates, throw rod, lock rod, No. 1 switch rod, rail 
braces, and all necessary bolts, nuts, and cotters. Switch 
connections insulated. Weights for Model 4 switch 
machine layouts include switch circuit controller and 
connections. Weights do not include detector ban. 

Model 2 Switch Machine (Fig. 159), 500 

Model 4 Switch Machine for single switch or derail 

(Fig. 161), 850 

Model 4 Switch Machine for movable point frog or 

double slip switch (Fig. 160), 950 

Detector Bar Layouts (Crank (Connected) 

1 Bar, same side for Model 2 or Model 4 switch machine, 360 

1 Bar, opposite side for Model 2 or Model 4 switch 
machine, 460 

2 Bars, for Model 2 or Model 4 switch machine, . . . 770 
1 Bar, for two Model 2 or Model 4 switch machines, . 780 

The above weights for detector bar lavouts are com- 

Slete with all connections and necessary bolts, nuts, etc. 
onnections insulated. 

Signals — RSA Dimensions 

Pipe Bracket Post complete, narrow deck, 3400 

Pipe Bracket Post complete, wide deck, 3800 

1 Arm Groimd Signal complete, 22^ 6^ base to center 
of arm 1270 

1 Arm Groimd Signal complete, 29^ 6^ base to center 

of arm, 1430 

2 Arm Ground Signal complete, 22^ 6^^ base to center 

of lower arm 1850 

2 Arm Ground Signal complete, 28' 6^ base to center 

of lower arm 2000 

3 Arm Groimd Signal complete, 22' 6^^ base to center 

of lower arm, 2420 

1 Arm Bracket or Bridge Signal complete, 3' 6^ base 
to center of arm 710 

1 Arm Bracket or Bridge Signal complete, 10' 6^^ base 

to center of arm, 900 

2 Arm Bracket or Bridge Signal complete, 3' 6"^ base 

^ center of lower arm, V%\A 
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2 Arm Bracket or Bridge Signal complete, 9^ S" base 

to center of lower arm, 1450 

3 Arm Bracket or Bridge Signal complete, 8' 6^ base 

to center of lower arm, 1860 

The above signals complete with mechanism, ladders, 
spectacles, blades, lamp brackets, foundation bolts, etc. 

Cantilever Bracket complete, 200 

Dummy Mast, 800 

Fixed Arm complete, 180 

Model 2A, 110 Volt Signal Mechanism complete, with 

clamp bearing (Fig. 199), 860 

Dwarf Signals 

Model 2A Dwarf Signal complete (Figs. 204, 205), . . 880 

Model 2, 1 Arm Dwarf Signal complete (Fig. 207), . . 150 

Model 2, 2 Arm Dwarf Signal complete (Fig. 206), . . 800 

Model 3, 1 Arm Dwarf Signal complete (Fig. 208), . . 140 

The above signals complete with spectacle, blade, 
lamp bracket, foundation bolts, etc. 

Switch Circuit Controllers 

Model 5, Form A Switch Circuit (Controller (Fig. 186), 60 

Model 3, Switch Circuit Controller, 4 circuits (fig. 185), 40 

Model 8, Switch Circuit Controller, 8 circuits, 60 

Add for Short Operating Rod, 15 

Add for Long Operating Rod, 25 

Relays and Indicators 

Model 9, D. C. Relay, 4-way (Figs. 228, 229), .... 80 

Model 9, D. C. Relay, 8-way, 85 

Model 1, D. C. Relay, not inclosed, 80 

Model 1, D. C. Relay, inclosed, 35 

Model 9, Tower Indicator, 4-way (Fig. 230), 80 

Model 9, Tower Indicator, 8-wa]r» 40 

Model 9, Indicator Group, with 4-way indicators 

(Fie. 83), per indicator, 85 

Modd9, Indicator, Group with 8-way indicators, 

per indicator, 45 

Model 2, Form A Polyphase Relay, 4-way (Fig. 235), 65 

Model 2, Form A Polyphase Relay, 6-way, 70 

Model 2, Model 8, or Model Z, Form B Relay, 4-way 

(Fie. 232) 40 

Modd^ 2, Model 3, or Model Z, Form B Relay, 6-way, 45 
Model 2, Model 3, or Model Z, Form B Indicating 

Relay, 4-wav (Fig. 234) 50 

Model 2, Model 3, or Model Z, Form B Indicating ^ 

Relay, S-way, - - » ^ 
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OUpping 
Pounda 

Model 2, Model 8, or Model Z, Form B Tower Indi- 
cator (Fig. 238), 35 

Relay Boxes 

1-way Iron Box for D. C. relays, 120 

2-way Iron Box for D. C. relays (Fig. 242), 160 

3-way Iron Box for D. C. relays, 250 

4-way Iron Box for D. C. relays, 225 

1-way Wood Box for D. C. relays, 25 

2-way Wood Box for D. C. relays (Fig. 243), .... 85 

8-way Wood Box for D. C. relays, 50 

1-way Wood Box for Model 2 Form A relays, 40 

2-way Wood Box for Model 2 Form A relays (Fig. 241), 55 

8-way Wood Box for Model 2 Form A relays, 75 

The above boxes complete with terminal board and 
U bolts or bracket for mounting on stub pole. 

Add for motmting on signal mast, 20 

Posts for motmting relay box on foundation, . . . >.. 40 
Post for mounting relay box on battery chute, .... 70 

Battery Chutes (Page 292) 

6-ft. Single Battery Chute, complete with elevator, . . 260 

7-ft. Single Battery Chute, complete with elevator, . . 290 

8-ft. Single Battery Chute, complete with elevator, . . 350 

9-ft. Single Battery Chute, complete with elevator, . . 390 

7-ft. Double Battcay Chute, complete with elevator, . 520 

9-ft. Double Battery Chute, complete with elevator, . 650 

Impedance Bonds 

Size 1, Form C Bond (Fig. 91), per single bond, . . . 610 
Size 2, Form B Bond (Fig. 92), per single bond, . . . 420 
Size 8, Form A Bond (Fig. 92), per single bond, ... 250 

Trunking, Stakes, and Juncjtion Boxes (Figs. 270, 271) 

3^^ X 4^ Trunking with Capping, pine, per 1,000 lineal 

feet, 5300 

3^^ X A" Trunking with Capping, cedar, per 1,000 lineal 

feet, 3000 

Built-Up Trunking, pine, per 1,000 feet, B. M 3350 

Built-Up Trunking, cedar, per 1,000 feet, B. M., . . . 1900 

Oak Stakes, 3'' x 4* x 3' 0'' (square end), 10 

OakStakes, 3'' x4''x 4^0" (square end),' 15 

Cedar Stakes, 4" diameter X 3^0'' (pointed), 10 

Cedar Stakes, 4" diameter X 3' 6'' (pointed), 10 

Junction Box, inside dimensions, 15 W x 15 W x 11"^ . 40 
Junction Box, inside dimensaona, W x. W -x.*!^" ^ • ^^ 
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COMPLETE LIST OF MAINTENANCE TOOLS 
REQUIRED AT ELECTRIC INTER- 
LOCKING PLANTS 

Blacksmith Toous 
Anvil. 
Forge. 

Set of tools, including 10 pound hammer, cold cutter and 
%*' punch. 

Carpenters Tools 
18^ square. 
Jack plane. 
Brace with set of bits. 
^%«^ single lip car bit 1^" long. 
%" woodchisel. 
26" No. 9 hand saw. 
Hand axe. 
Adze. 
Claw hammer. 

Electrical Toous 

Solderine furnace-pot and two ladles. 

Small soldering copper. 

Screw drivers, 6'' and 10''. 

Mgator pliers, 8^. 

Side-cutting pliers, 7". 

Contact adjuster. 

Binding-post wrench. 

Socket wrenches for V4.'' hexagon nut. 

Wrench for signal circuit breaker. 

Crank for switch motor. 

Hydromotor. 

Portable volt-ammeter. 

Solid wrench for %'' hexagon nuts. 

Line Circuit Tooi^s 

Belt with safety. 
Pair IG'^ climbois. 
"Come along" with blocks. 
2 Connectors. 

Pipe Tools 

(For pipe connected detector bars.) 

1 Stilson wrench. 

2 Pipe rivet punches. 
1 Pipe cutter. 

1 Stock with 1' right-hand dies. 



Switch Fitting Tools 

1 Machinist hammer. 
1 Center punch. 
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2 Gold chisels. 

1 12^ tommy bar — bent on both ends. 

1 20^ tommy bar — bent on chisd end only. 

1 Packer ratchet with '^Vi^" and ^^c" drill. 

1 " Old man " for drillmg rail. 

2 Switch-adjusting wrenches. 

8 Two-man T " socket wrenches for W square and hexagon 

nut, and W lag screws. 
2 "T " socket wrenches for W and W lag screws. 
4 Solid ''S" wrenches for %'' and W bolts with square or 

hexagon nut. 
1 Solid wrench for detector bar clips. 

1 14" Monkey wrench. 

2 Reamers, %" and %". 
1 14'' Stilson wrench. 

1 6" Westcott wrench. 

4 Files: one-14'' flat bastard, one-lO'' flat smooth, oiie-12' 

half-round bastard, one-12'' roimd. 
4 Files: t^fo-^" rat tail, two saw files. 

Track Tooi^ 
1 Spike maul. 
1 Spike puller. 
1 Claw bar. 
1 Track wrench. 
1 Track shovel. 
1 Bam broom. 
1 Railroad pick. 

Track-Circuit Tools 

1 Bonding drill with twelve ^2" twist drills. 

2 Channel pins punches. 

1 Channel pin set (slotted). 

Miscellaneous 

1 Workbench with combination vise. 

1 Drill press with drills. 

1 Set taps and dies with stock W to 1". 

1 Breast drill with set of drills W to %" by 32nds. 

1 Bench emery wheel. 

1 Hack saw, 12 blades. 

1 Large spout oiler (1 quart). 

1 9" spout oiler (1 pint). 

1 6" spout oiler {V2 pint). 

2 Water pails. 

1 Canvas tool bag. 
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MODEL 1 FORM A LIGHTNING ABRBSTER 
Fig. 276 llhutratea the G. R. S. Co.'b Model 1 Form A light- 
ning arrester, designed for use on mgnal, telegraph, tel^hone, 
croecdng alarm circuits, etc. 

The arrester has a high efBciencjr, 1. e., a high reactance 
and negligible obmic resiBtance. This high reactance is 
maintained under all conditions of frequency and current 
owing to tim fact that no iron is used In the core of the react- 
ance coil. 

The arreeto- it amoll (^KV x 1^' x 4Hs'') and may be assem- 
bled in banks on one inch 
centers. Connectors between 
the ground plates are provided, 
whiui form a buss bar of ample 
canyii% capacity, thereby mak- 
ing requisite but one ground 
connection for any number of 
arresters. Multiple point dl»- 
charge plates are provided 
instead of the single point type 
or one having a circular sur- 
face. The parts used in the 
\.^ arrester construction are few, 
' none of them being delicate 
or mslly broken. The con- 
nections are all in front, thus 
allowing it to be easily installed 
and inspected. 

The Model 1 Form A uses 
the same component parts as 
the Modd 1 arrester, thou- 
sands of which are at the 
■ present time in service, many 
jgof them showing evidence of 
. having taken care of heavy 
UoDBL I FoBM A dischM^es without injury re- 
LioBTHiHo Abbutbbs sultiug to the afTesteT or the 

protected apparatus, 
grounded ttuwugh twi 
u. ix. kj. Kiiu)ii; t:u^(m wuizi, insulated above the ^luunu. 
The wires should be wrapped around and soldered to a gal- 
vanized ground rod, not leas than one Inch in diameter, driven 
eight feet into the ground. 




(4) I ILIL-IiM |tbl'4e°; 
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Fio. 277. CiBcurr fob Tbbtino Rxbxstancb of Oboumds 

NoTB. — Several readings should be made and the average taken. The 
resistance should then be oomputed by dividing the voltage reading by the 
current. 

The limiting resistance used in making the test may merely be a unit of 
such resistance as to protect the instruments, it being recommended, bow- 
ever, that* a variable resistance be used if available. If a voltage mgber 
than that indicated is used, the range of the voltmeter and the reribrtaooe 
unit employed will have to be increased accordingly. 

PULLEYS AND GEARS 

When it is desired to secure single reduction or increase of 
speed by means of belting, the speed at which each shaft 
should run and the diameter of one pulley being known, 
multipty the diameter of the known pulley oy the speed in 
revolutions per minute of its shaft ana divide this product by 
the speed in revolutions per minute of the second shaft; the 
result is the desired diameter of the second pulley. 

When the diameter of both pulleys and the speed of one 
shaft is known, multiply the speed of that shaft by the diame- 
ter of its pulley and divide this product by the diameter of 
the pulley on the other shaft; the result is the speed at which 
the second shaft will be run. 
Let D = diameter of driving pulley, 
d = diameter of driven pulley. 

S = number of revolutions per minute of driving shaft, 
s = number of revolutions per minute of driven shaft. 

Then the above may be expressed by the following formula: 

, DxS 
a*" 

s 

Where a counternshaft is used, to obtain either size or speed 
of the main driving or driven pulley, calculate as alM>ye, 
between the known end of the transmission and the counter- 
shaft and then repeat this calculation between the counter- 
shaft and the unknown end. 

Gears in mesh transmit speeds in proportion to the number 
of teeth they contain. Count the number of teeth in the sear- 
ing and substitute this Quantity for the diameter of the pmleys 
mentioned above, in order to obtain tVieTiwixvbeT ct teeth to be 
cut in unknown gear or speed oi t\ve aecon^ ^CksiX.. 
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WIDTHS OF BELTING PER HORSE POWER 

A rule commonly used for determinme the width of belting 
is that "single" belt will transmit 1 H. P. for each inch in 
width at a speed of 1,000 feet per minute. If the speed is 
{greater or less the power transmitted is correspondingly 
mcreased or decreased. 
The rule may be stated as follows: 
XT p w X d X rpm wv 
•" 8820 "lOOO 
In which w» width of belt in inches. 

d» diameter of pulley in inches. 
V— velocity of belt in feet per minute, 
rpm » revolutions per minute. 
This is based on a working tension of 30 potmds per inch of 
width of belt. Man^ writers give as a safe practice for single 
belts in good condition a working tension of 45 potmds per 
inch of width, which formula gives a permissible increase in 
transmitted horse power of 50 per cent, over the formula 
XT p ^ w X d X rpm 
3820 
For "double'' belts of average thickness, the transmitting 
efficiency is considered as 10 to 7 compared to the single belt- 
inediscussed above. 

These formulas are based on the supposition that the arc of 
contact between belt and pulley is 180 degrees. For other arcs 
the transmittmg power is approximately proportional to the 
ratio of the degrees of arc of contact to 180 de^ees. 



TABLE FOR DETERMINING WIDTH OF BELTING 



Speed in 

Feet per 

Minute 


Width or Bsia* in Inchks 


2 


3 


4 


6 


6 


H. P. 

• 


H. P. 


H. P. 


H. P. 


H. P. 


500 
1000 
1500 
2000 
2500 
3000 
3500 
4000 
4500 
6000 


1 
2 
3 
4 
6 
6 
7 
8 
9 
10 


1.6 

3 

4.6 

6 

7.6 

9 

10.6 
12 

13.6 
16 


2 

4 

6 

8 

10 

12 

14 

16 

18 

20 


2.5 

6 

7.6 
10 

12.6 
16 

17.6 
20 
22.5 
25 


3 
6 
9 
12 
16 
18 
21 
24 
27 
30 



•V w X d X fouA wv 
NoTB.—* Based on the fonnula H. P.= ^^^^ — i z, ^^^ 

In running, the upper side of the belt should sag downward^ 
as the belt wiU then oe in contact mtVimat^ \}tA.TL\!tSb^'Oc& «s&- 
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cumferenee of the pullev, and the power increaaed in the pro- 
portion referred to in the preceding paragraph. Beat results 
are secured by running belt just tight enough to prevent 
dipping at nonnal load. 



PAINTING 

extracts from r. s. a. specifications for electric 

interlocking (1910) 
800. Paint 

Field work, 

(h) Surfaces covered with rust, grease, dirt, or other 
foreign substances, shall be thoroughly cleaned before 
paint or oil is applied. 

(e) Paint shall not be applied to outside surfaces in 
freezing weather, nor to wet surfaces, nor until previous 
coating has thoroughly dried. 

(d) Finishing coats shall not be applied until after the 
expiration of forty-eight (48) hours after the previous 
coating has been applied. 

(e) Faints mixed on the ground shall be applied within 
three (3) hours after the pigment and oil are mixed. 

(/) Primine coats shall be applied as soon as is con- 
sistent with the progress of the work. 

(g) Second coat shall be applied in sufficient time for 
the third coat to be applied and dry when the installation 
is completed. 

810. Iron Work 

(a) Iron work (except machine, tie plates, and iron 
foundation piers) not galvanized shall be painted one (1) 
coat of red lead and raw linseed oil and two (2) finidiing 
coats. 



amount OF paint REQUIRED PER 1000 FEET OF 
TRUNKING AND CAPPING 



Siie of Trunldng 
Inches 


Siie of Capping 
Inches 


Gallons (two ooats) 


2x 3 
3x 4 
4x 7 
4x10 


1x3 

mx 4 

IHx 7 
2 xlO 


4 

6H 
9 
11 



Note. — The covering capacity of paint depends largely on the condition 
of tiie surface being fiouhed, the handling of the goods by the painter, and 
the temperature of the aurface painted. TVie «^v« ^ii^axea «x« VsmmA. ou 
average working conditions. 
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RAIL SECTIONS 






A. R. A. RAILa 


—TYPE' 


A" 




















































Lm. 


In. 


In. 


bL 


to. 


Id. 


to. 


In. 


M 


«* 


Z""*! 


«H* 


VA^ 


2M 


"Hii 


4 


70 


<?i 




■%a mil 


■^ 


H 


4W 


80 


F.'A 




■Ws' I'Ae 






4% 




6% 


3H. 


1 I I'Ht 


iVW 


Vi-< 


JiMi 


lOU 


Q 


3% 


iMs iMa 


Wi 


%3 


5li, 



A. R. A. RAILS— TYPE "B" 




Wotghl 


1 










































Lbg. 


IB. 


In. 


In. 


to. 


In. 


Id. 


In. 


BO 


Wi« 


KMfl 


W 


i?4 


SW 


"U. 


31M, 


70 4»%. 


^",(v. 


=■** 


1=14., 2% 


w«« 


4%. 


80 4i>H, 


■^•-Mii 




I'Hj Ki. 


"ii,. 


4</^, 


flO B-if^ 


2% 


:m,; 


1»%.|2W.S<. 


4<'K« 


100 5<!.ii 


y»M» 


1%, 


l*%t\ 1'^~- 1i« 


S%i 






















v^ 




' 














LbB. 


In. 


1,. 


to. 


In. 


In. 


In. 


to 




56 


4VI» 


2.». 


"Hi. 


liMij 


2W 


'W.^ 


wp. 




60 


m 


•2^'Vu 


*%. 


i'M 


2*. 


"^ii. 


4^ 




flS 






"■^ii 


1%. 


1!'%^ 


-H 


mn 




70 


4% 


S^W. 


"«, 


I'Mii 


211- 


«w. 


t-a, 




75 


v^. 


ii*%. 


»Wil 


1"*. 


IT"*!.. 


'>A1 


4"h, 




SO 


s 


'Ad 


% 


m 


a*^ 


f^. 


s 






Wn 


2K 


m. 


I'lMu 


^-W, 


M- 


«1. 




90 


Mi 


■2"li> 


»%. 


i'%i 


n% 


•hi 


MS. 




BS 


w™ 


li«k. 




I'Vn. 




•4. .W- 






W. 


3%4 


"Ml. 


1'%. 


2S1 


1i. e!4 




110 


BH 


a'Hw 


' 


l^is'iiil^r'A 


\'^f^ [Wl 


k 
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TABLE OF TURNOUTS FROM STRAIQHT TRACK 
Qauob, 4 Fkbt, 8H Inchks. Throw or Switch, 6 Inchu 



Gm9« 




Fio. 281 



















Lead-Dirt. 


Frog 
Num- 
ber 


Frog 

Angle 

FPE 


Length 

Point 

of Frog 

to Toe 

PD 


Length 

Point 

of Frog 

to Heel 

PE 


Length 

of 
Switch 

RaU 

AC 


Switch 

Angle 

BAC = 

TOO 


Radlufl 

of 

Center 

Line 

OO-^ga 


Degree 

of 
Lead 
Cunre 


Actual 

Point of 

Switch 

RaU to 

Actual 

Pohitof 

Frog AB 




t A 


t A 


11-0 


III 


Deg 
MtaL 
Sec. 


i 


6 


9-31-38 


4- 


7- 


2-36-19 


265.39 


21-43-04 


47.98 


7 


8-10-16 


4- 6 


8- 1 


16-« 


1-44-11 


362.08 


15-52-29 


62.10 


8 


7-09-10 


4- 9 


8- 9 


16-6 


1-44-11 


487.48 


11-46-27 


67.98 


9 


6-21-36 


6- 


10- 


16-6 


1-44-11 


605.18 


9-28-42 


72.28 


9H 


6-01-32 


6- 


10- 


16-« 


1-44-11 


695.45 


8-14-421 


76.71 


10 


5-43-29 


6- 


10- 6 


16-« 


1-44-11 


790.25 


7-15-18 


77.93 


11 


5-12-18 


6- 


11- 6 


22-0 


1-18- 8 


922.65 


6-12-47 


04.31 


12 


4-46-19 


6-6 


12- 1 


22-0 


1-18- 8 


1098.73 


5-12-69 


100.80 


15 


3-49-06 


7- 8 


14-10 


33-0 


0-52- 5 


1744.38 


3-17-01 


133.28 


16 


3-34-47 


8-0 


16- 


33-0 


0-52- 5 


1993.24 


2-62-69 


137.67 


18 


3-10-56 


8-10 


17- 8 


33-0 


0-52- 6 


2546.31 


2-14-31 


146.61 


20 


2-51-61 


9- 8 


19- 4 


33-0 


0-52- 5 


3257.26 


1-45-32 


167.42 


24 


2-23-13 


11- 4 


23- 2 


33-0 


0-52- 5 


4886.16 


1-10-21 


177.22 



Abov0/rom tabU by American Raikoay EnoincarinQ A««oc\aUxm. 
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TABLE OF CROSSOVERS 
Oaugb, 4 FJUBT, S^ iNcmss. Tbbow or Switch, 5 Inchss 



Total L«ngHi 




Fio. 282 



Frog 
Number 


IMAD 


DUTAmai (A) BSTWBBN FBOO POINTS 70B TRACK 
GkNlSBS BSLOW 


11' 


12' 


13* 


14' 


16' 


16' 


Feet 


Feet 


Feet 


Feet 


Feet 


Feet 


Feet 


6 


47.98 


9.6 


16.6 


21.6 


27.5 


33.5 


39.5 


7 


62.10 


11.1 


18.1 


26.1 


32.1 


39.1 


46.1 


8 


67.98 


12.7 


20.7 


28.7 


36.7 


44.7 


52.7 


9 


72.28 


14.2 


23.2 


82.2 


41.2 


60.2 


59.2 


9H 


76.71 


16.0 


24.6 


34.0 


43.5 


63.0 


62.6 


10 


77.93 


16.8 


26.8 


36.8 


45.8 


66.8 


66.8 


11 


94.31 


17.4 


28.4 


39.4 


50.4 


61.4 


72.4 


12 


100.80 


19.0 


31.0 


43.0 


65.0 


67.0 


79.0 


16 


133.28 


23.8 


38.8 


63.8 


68.8 


83.8 


98.8 


16 


187.67 


26.8 


41.3 


67.3 


73.3 


89.3 


105.3 


18 


140.61 


28.4 


46.4 


64.4 


82.4 


100.4 


118.4 


20 


167.42 


31.6 


61.6 


71.6 


91.6 


111.6 


131.6 


24 


177.22 


38.0 


62.0 


86.0 


110.0 


134.0 


158.0 


Frog 
Number 


TOTAL LnroTH or Cbossoyeb pob Tback Cbntisrs Below 


ir 


12* 


13' 


14' 


15' 


16' 


Feet 


Feet 


Feet 


Feet 


Feet 


Feet 


6 


106.6 


111.6 


117.6 


123.5 


120.5 


135.6 


7 


136.8 


142.8 


149.8 


166.3 


163.3 


170.3 


8 


148.7 


166.7 


164.7 


172.7 


180.7 


188.7 


9 


168.8 


167.8 


176.8 


186.8 


194.8 


203.8 


9H 


166.4 


176.9 


186.4 


194.9 


204.4 


213.9 


10 


171.7 


181.7 


191.7 


201.7 


211.7 


221.7 


11 


206.0 


217.0 


228.0 


239.0 


250.0 


261.0 


12 


220.6 


232.6 


244.6 


266.6 


268.6 


280.6 


16 


290.4 


306.4 


820.4 


336.4 


350.4 


365.4 


16 


300.4 


316.4 


332.4 


348.4 


364.4 


380.4 


18 


821.4 


330.4 


367.4 


376.4 


393.4 


411.4 


20 


346.4 


366.4 


386.4 


406.4 


426.4 


446.4 


24 


892.4 


416.4 


440.4 


464.4 


488.4 


512.4 



NoTB. — Dietanoe (A) between frog ipomta baMd Q;uloTtsi>a!A.\ 
Di0tmnee=(tmek oenten — 2 x gftuto) x tiofL vaxoXwft. 
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BOND WIRES AND CHANNEL PINa 

^r'ft^fc I»i,run!w1awKlvHthautUBlliimibiirotboiid VVtadl 
' wina SDil cbsapcl ploj nqulnd for boddlnc ' ' '■'—■- 

?"= dnsle tnck rokd (3 nib) for diriuca up to ft S 

0.000 (aet. To this ihould be «(ld«l 3S bond C • S« 
-._ win* und to duuiDd plni (or Mch iwlbji, ud to £S ■— S 
OK tha total £ pv ettit. BdclKl to eoTtc ka. -vf E* 
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TWIST DRILL AND STEEL 


WIRE OAUQE 




No. 


8iM 


No. 


8iM 


No. 


8iM 


No. 


Slse 


No. 


Slse 


Inch 


Inch 


Xneh 


Inch 


Inch 


1 


.2280 


13 


.1850 


25 


.1495 


37 


.1040 


49 


.0730 


2 


.2210 


14 


.1820 


26 


.1470 


38 


.1015 


50 


.0700 


3 


.2130 


16 


.1800 


27 


.1440 


39 


.0995 


51 


.0670 


4 


.2090 


16 


.1770 


28 


.1405 


40 


.0980 


52 


.0635 


5 


.2055 


17 


.1730 


29 


.1360 


41 


.0960 


53 


.0595 


6 


.2040 


18 


.1695 


30 


.1285 


42 


.0935 


54 


.0550 


7 


.2010 


19 


.1660 


31 


.1200 


43 


.0890 


55 


.0520 


8 


.1990 


20 


.1610 


32 


.1160 


44 


.0860 


56 


.0465 


9 


.1960 


21 


.1590 


33 


.1130 


45 


.0820 


57 


.0430 


10 


.1935 


22 


.1570 


34 


.1110 


46 


.0810 


58 


.0420 


11 


.1910 


23 


.1540 


35 


.1100 


47 


.0785 


59 


.0410 


12 


.1890 


24 


.1520 


36 


.1065 


48 


.0760 


60 


.0400 



Reprinted 5y permiesUm/rom KetU'a "Mechanical Bngineen* Pocket Book:* 







STUBS' STEEL 


WIRE 


GAU( 


liE 






No. 


sue 


No. 


Slse 


No. 


Slse 


No. 


Slse 


No. 


Slse 


Inch 


Incb 


Inch 


Inch 


Inch 


Z 


.413 


D 


.246 


19 


.164 


41 


.095 


63 


.036 


Y 


.404 


C 


.242 


20 


.161 


42. 


.092 


64 


.035 


X 


.397 


B 


.238 


21 


.167 


43 


.088 


65 


.033 


w 


.386 


A 


.234 


22 


.155 


44 


.085 


66 


.032 


V 


.377 


1 


.227 


23 


.153 


45 


.081 


67 


.031 


u 


.368 


2 


.219 


24 


.151 


46 


.079 


68 


.030 


T 


.358 


3 


.212 


26 


.148 


47 


.077 


69 


.029 


s 


.348 


4 


.207 


26 


.146 


48 


.076 


70 


.027 


R 


.339 


5 


.204 


27 


.143 


49 


.072 


71 


.026 


Q 


.332 


6 


.201 


28 


.139 


60 


.069 


72 


.024 


P 


.323 


7 


.199 


29 


.134 


51 


.066 


73 


.023 


O 


.316 


8 


.197 


30 


.127 


62 


.063 


74 


.022 


N 


.302 


9 


.194 


31 


.120 


53 


.058 


75 


.020 


M 


.295 


10 


.191 


32 


.115 


54 


.055 


76 


.018 


L 


.290 


11 


.188 


33 


.112 


65 


.050 


77 


.016 


K 


.281 


12 


.185 


34 


.110 


66 


.045 


78 


.015 


J 


.277 


13 


.182 


35 


.108 


57 


.042 


79 


.014 


I 


.272 


14 


.180 


36 


.106 


58 


.041 


80 


.013 


H 


.266 


15 


.178 


37 


.103 


59 


.040 


... 


• • • • 


G 


.261 


16 


.175 


38 


.101 


60 


.039 


• • . 


• • • • 


F 


.257 


17 


.172 


39 


.099 


61 


.038 


. . • 


• • • • 


E 


.250 


18 


.168 


40 


.097 


62 


.037 




.... 



The Stubs' Steel Wire Gauge is used in measuring drawn steel wire or 
drill rods of Stubs' make, and is also used by many makers of American 
drill rods. 
Beprtntedhyperm/U9UtnfTim KeiU'9 "MtelMmical BnoiivMrtf PttOuX Booxr 
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STANDARD SCREW THREADS. NUTS, BOLT AND LAO HEADS 

U. S. STANDARD 





DUun. of 
Screw 

Ineh 


Threada 
per InoJi 


Diam. of 
Core 

Inch 


Wldtb of 
Flat 

Inch 


Oatflide 

Diam. 

Hex. Head 

Ineh 


Inside 

Diam. 

Hex.OT 

Sq.Head 

Ineh 


Diago- 
nal 8q. 
HMul 
Inch 


Height 
of Head 

Inch 




% 


20 


.185 


.0062 


%e 


^ 

H 


^He 


% 




%6 


18 


.240 


.0070 


iVie 


19b 


i%e 


1%4 




% 


16 


.294 


.0078 


»%a 


iHe 


«%a 


1%S 




%6 


14 


.344 


.0089 


*%8 


»%« 


IHe 


*%4 




H 


13 


.400 


.0096 


1 


% 


m 


%e 




%e 


12 


.464 


.0104 


1%4 


•^ 


me 


•%A 




% 


11 


.607 


.0113 


l%a 


IHe 


IH 


1%2 




% 


10 


.620 


.0126 


l%e 


1% 


1% 


% 




% 


9 


.731 


.0140 


l»Ha 


l%e 


2%a 


«%2 




1 


8 


.837 


.0166 


1% 


1% 


2%e 


i%e 




1% 


7 


.940 


.0180 


2%a 


U%e 


2H 


>%s 




ly* 


7 


1.065 


.0180 


2He 


2 


2«%, 


1 




1% 


6 


1.160 


.0210 


2% 


2%e 


3Vie 


1%9 




1% 


6 


1.284 


.0210 


2% 


2% 


3% 


l%e 




1% 


6% 


1.389 


.0227 


2i%e 


2%e 


3% 


l%a 




1% 


5 


1.490 


.0250 


3%o 


2% 


3«%a 


1% 




1% 


6 


1.615 


.0250 


3i%fl 


2iHe 


49ie 


11%2 




2 


4% 


1.712 


.0280 


3% 


3% 


4%e 


l%e 




2% 


4H 


1.962 


.0280 


4V4e 


3% 


4«%a 


1% 




2% 


4 


2.176 


.0310 


4% 


3% 


5V^ 


liHe 




2% 


4 


2.425 


.0310 


4a%a 


4% 


6 


2% 




3 


3H 


2.628 


.0357 


5% 


4% 


6%e 


2He 




3V4 


3H 


2.878 


.0357 


5% 


6 


7% 


2% 




3H 


3% 


3.100 


.0384 


6%4 


5% 


7% 


2iHe 




3% 


3 


3.317 


.0410 


6% 


5% 


89i6 


2% 




4 


3 


3.566 


.0410 


7%4 


6% 


81^6 


3%e 




4% 


2% 


3.798 


.0436 


7% 


6% 


9V4 


3% 




4% 


2% 


4.027 


.0460 


7«%a 


6% 


m 


3%e 




4% 


2% 


4.255 


.0480 


8% 


7% 


10%2 


3% 




5 


2% 


4.480 


.0500 


8i%« 


7% 


10i%« 


3i%« 




5y4 


2H 


4.730 


.0600 


9V4 


8 


11% 


4 




6^2 


2% 


4.953 


.0526 


91^6 


8% 


lia%2 


4%6 




6% 


2% 


5.203 


.0526 


10% 


8% 


12%6 


4% 


1 " 1 


2f4 


5.423 


.0556 


10«/i« 


9% 


12%e 


4%e 



YoTB. — Threads have an anglo ol 60 desraos, mt\x ?k»X \«^% «xA\MAXnia&. 
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STANDARD MACHINE SCREWS 



No. 


Tbreadfl 

per 

Inch 


Diam. 
of Body 


Diam. 

of Flat 

Head 


Diam. of Diam. of 

Round Filister 

Head Head 


Lengths 


Clear- 
ance 
Drill 


From 


To 


Inch 


Inch 


Indi 


Inch 


Inch 


Inch 


2 


56 


.0842 


.1631 


.1544 


.1332 


Me 


H 


41-43 


4 


32, 36. 40 


.1105 


.2158 


.2028 


.1747 


Me 


% 


30-32 


6 


30.32 


.1368 


.2684 


.2512 


.2175 


Me 


1 


27-28 


8 


30.32 


.1631 


.3210 


.2936 


.2610 


Vl 


ly* 


17-18 


10 


24. 30. 32 


.1894 


.3737 


.3480 


.3035 


Vl 


1V4 


11- 8 


12 


20.24 


.2158 


.4263 


.3922 


.3445 


% 


1% 


2- 1 


14 


20,24 


.2421 


.4790 


.4364 


.3885 


% 


2 


y* 



NoTB. — Lengths vary by 16ths from Me to %, by 8ths from ^ to IHi by 
4ths from V^ to 2. 



STANDARD DIMENSIONS OF WROUGHT-IRON WELDED PIPE 

BRIGGS* STANDARD 



Nominal 
Inside 
Diam. 


Actual 

Outside 

Diam. 


Thickness 
of Metal 


Length of 

Pipe per 

Sq. Ft. 

Outside 

Surface 


Internal 
Area 


Weight of 

Pipe per 

Lineal Foot 


Number of 
Threads 
per Inch 


Ins. 


ms. 


Ins. 


Ft. 


Sq. In. 


Lbs. 


No. 


Va 


.540 


.088 


7.076 


.104 


.42 


18 


% 


.675 


.091 


5.658 


.191 


.56 


18 


% 


.840 


.109 


4.647 


.304 


.84 


14 


% 


1.060 


.113 


3.638 


.533 


1.12 


14 


1 


1.315 


.134 


2.904 


.861 


1.67 


11% 


1% 


1.660 


.140 


2.301 


1.496 


2.24 


11% 


1V4 


1.900 


.145 


2.010 


2.036 


2.68 


11% 


2 


2.375 


.154 


1.608 


3.356 


8.61 


11% 


2H 


2.875 


.204 


1.329 


4.780 


5.74 


8 


3 


3.500 


.217 


1.091 


7.383 


7.54 


8 


3V4 


4.000 


.226 


.956 


9.887 


9.00 


8 


4 


4.500 


.237 


.849 


12.730 


10.66 


8 


4% 


5.000 


.246 


.764 


15.961 


12.34 


8 


5 


5.563 


.259 


.687 


19.986 


14.60 


8 


6 


6.625 


.280 


.577 


28.890 


18.76 


8 


7 


7.625 


.301 


.601 


38.738 


23.27 


8 


8 


8.625 


.322 


.443 


60.027 


28.18 


8 


9 


9.625 


.344 


.397 


62.730 


33.70 


8 


10 


10.76 


.366 


.855 


1%,%1'^ 


^ Aa.Qfc 


k ^ 



:i 



882 



GBNERAL RAILWAY SIGNAL COMPANY 





SQUARE 


HEAD LAG SCREWS 








Diameter 

In 

Inehes 


^e 


% 


%e 


% 


%« 


% 


% 


% 


1 


Length 

in 
Inches 


Average Weight per Hundred | 


Lbs. 
4.2 


Lbs. 


Lbs. 


Lbs. 


Lbs. 


Lbfc 


Lbs. 


Lba. 


Lba 


IH 


6.5 


9.2 


13.0 


• • • • 


• • • ■ 


• ■ • • 


• • • • 




1% 
2 


4.7 
5.2 


7.1 

7.7 


10.0 
10.9 


13.8 
14.9 












23.0 


24.8 


• • • • 


• • • • 




2V4 


6.7 


8.4 


11.8 


16.1 


24.5 


27.3 


• • • • 


• • • • 




2H 


6.2 


9.2 


12.7 


17.4 


26.0 


29.0 


43.0 


• • • • 




3 


7.2 


10.6 


14.6 


19.0 


29.2 


32.9 


48.3 


76.0 




3H 


8.2 


12.0 


16.6 


21.5 


32.5 


36.9 


53 8 


78.5 


90 


4 


9.2 


13.5 


18.8 


24.0 


35.9 


41.0 


59.6 


82.0 


99 


4V4 


10.2 


15.0 


20.7 


26.5 


39.3 


44.9 


65.5 


86,0 


108 


5 


11.3 


16.5 


22.8 


29.0 


42.7 


48.8 


71.5 


90.0 


118 


6H 


12.4 


18.0 


24.9 


31.5 


46.1 


52.7 


77.5 


98.0 


128 


6 


13.5 


19.5 


27.0 


34.0 


49.5 


56.6 


83.5 


106.0 


138 



Note. — For dimensions of lag screw heads, see page 380. 





COMMON WIRE 


NAILS 




Size 


lAmgth 

in 
Inches 


Dlameto' 

tn 

Inches 


Approx. 

Number to 

Lb. 


Approx. 

Lbs. per 

1000 


2D 


1 


.072 


876 


1.14 


3D 


1V4 


.080 


568 


1.76 


4D 


IVa 


.100 


316 


3.16 


5D 


1% 


.100 


271 


3.69 


6D 


2 


.113 


181 


5.53 


7D 


2^4 


.113 


161 


6.21 


8D 


2% 


.131 


106 


9.43 


9D 


2% 


.131 


96 


10.4 


lOD 


3 


.148 


69 


14.5 


12D 


3V4 


.148 


63 


15.9 


16D 


3^ 


.162 


49 


20.4 


20D 


4 


.192 


31 


32.3 


30D 


4V2 


.207 


24 


41.7 


40D 


5 


.225 


18 


55.6 


SOD 


5V^ 


.244 


14 


71.4 


60D 1 


6 


.26a 


\ ^^ 


I ftO.O 
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TABLE OF BOARD IfEASURE 




8ise 


Length in Feet 


10 


12 


14 


16 


18 


Feet Board Measure 


1x2 


1% 


2 


2% 


2% 


3 


1x4 


3% 


4 


4% 


5% 


6 


1x6 


5 


6 


7 


8 


9 


1x8 


6% 


8 


9% 


10% 


12 


1x10 


8^ 


10 


11% 


13% 


15 


1x12 


10 


12 


14 


16 


18 


1x14 


11% 


14 


16% 


18% 


21 


2x4 


6% 


8 


9% 


10% 


12 


2x6 


10 


12 


14 


16 


18 


2x8 


13^ 


16 


18% 


21% 


24 


2x10 


16% 


20 


23% 


26% 


30 


2x12 


20 


24 


28 


32 


36 


2x14 


23% 


28 


32% 


87% 


42 


3x8 


20 


24 


28 


32 


36 


3x10 


25 


30 


35 


40 


45 


3x12 


30 


36 


42 


48 


54 


3x14 


35 


42 


49 


56 


63 


4x4 


13% 


16 


18% 


21% 


24 


4x6 


20 


24 


28 


32 


36 


4x8 


26% 


32 


37% 


42% 


48 


4x10 


33% 


40 


46% 


53% 


60 


4x12 


40 


48 


66 


64 


72 


4x14 


46% 


56 


65% 


74% 


84 



NoTB. — Length in feet X width in feetXthiioknfiaa iai laaiebM.' 
of feet board measure, (1 cu. ft. of lunibec=l^\)ioMc^i«(M 
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BAUMd*S HYDROMETER AND SFECIFIO GRAVITIES 

COMPARED 



Degrees 
BaiimA 


Llqiilda 
Heavier 
tbaa 
Water, 
Sp. Or. 


Uqiiide 
Lighter 

than 
Water. 
Sp. Gr. 


Degrees 
BaumA 

28.0 


Uqiiida 
Heavier 

thMi 

Water. 
Sp. Gr. 


Liquids 
Lighter 

than 
Water. 
Sp. Gr. 


0.0 


1.000 




1.239 


0.886 


1.0 


1.007 




29.0 


1.250 


0.881 


2.0 


1.014 




30.0 


1.261 


0.875 


3.0 


1.021 




31.0 


1.272 


0.870 


4.0 


1.028 




32.0 


1.283 


0.864 


5.0 


1.036 




33.0 


1.295 


0.859 


6.0 


1.043 




34.0 


1.306 


0.854 


7.0 


1.051 




35.0 


1.318 


0.849 


8.0 


1.058 




36.0 


1.330 


0.843 


9.0 


1.066 




37.0 


1.343 


0.838 


10.0 


1.074 


1.000 


38.0 


1.355 


0.833 


11.0 


1.082 


0.993 


39.0 


1.368 


0.828 


12.0 


1.090 


0.986 


40.0 


1.381 


0.824 


13.0 


1.099 


0.979 


41.0 


1.394 


0.819 


14.0 


1.107 


0.972 


42.0 


1.408 


0.814 


15.0 


1.115 


0.966 


44.0 


1.436 


0.805 


16.0 


1.124 


0.959 


46.0 


1.465 


0.796 


17.0 


1.133 


0.952 


48.0 


1.495 


0.787 


18.0 


1.142 


0.946 


50.0 


1.526 


0.778 


19.0 


1.151 


0.940 


52.0 


1.559 


0.769 


20.0 


1.160 


0.933 


54.0 


1.593 


0.761 


21.0 


1.109 


0.927 


56.0 


1.629 


0.753 


22.0 


1.179 


0.921 


58.0 


1.667 


0.745 


23.0 


1.189 


0.915 


60.0 


1.706 


0.737 


24.0 


1.198 


0.909 


65.0 


1.813 


0.718 


25.0 


1.208 


0.903 


70.0 


1.933 


0.700 


26.0 


1.219 


0.897 


75.0 


2.071 


0.683 


27.0 


1.229 


0.892 









Re^tUed tfy permUaion from ** Kent's Mechanical Enftneen' Pocket Book.* 
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SPECIFIC GRAVITY OF LIQUIDS AT 60 DEGREES FAHR. 



Acid, Muriatic 1 .200 

Acid, Nitric, 1.217 

Acid, Sulphuric, 1 .849 

Alcohol, pure, 0.794 

Alcohol, 95 per cent., . . 0.816 

Alcohol, 50 per cent., . . 0.934 

Ammonia, 27 .9 per cent., . .891 

Bromide, 2.97 

Carbon, disulphide, . . . 1 .26 
Ether, Sulphuric, . . . .0.72 

Oil, Linseed, 0.94 



Oil, OUve 0.92 

Oil, Pabn 0.97 

Oil, Petroleum, . . . 0.78 to 0.88 

Oil, Rape 0.92 

Oil, Turpentine, . . .0.87 
OU, Whale, .... 0.92 

Tar 1. 

Vinegar, 1.08 

Water, 1. 

Water, Sea 1.026 to 1.03 



Reprinted by permission from "Kent's Mechanical Engineers' Pocket Book." 



SPECIFIC GRAVITY AND WEIGHT 


OF WOOD 






Specifle 
Gravity 


1-So 




Specific 
Gravity 




Alder, .... 


Avge. 
0.56 to 0.80 0.68 


42 
47 
45 
22 
46 
41 
70 
39 
41 
35 
15 
33 
47 
76 
38 
37 
67 
37 
24 
48 
47 


Hornbeam, 
Juniper, . . 
Larch, . . . 
Lignum vitee 
Tiinden, . . 
Locust, . . 
Mahogany, . 
Maple, . . . 
Mulberry, . 
Oak, Live, . 
Oak, White, 
Oak, Red, . 
Pine, White, 
Pine,Yellow, 
Poplar, . . 
Spruce, . . 
Sycamore, . 
Teak, . . . 
Wahiut, . . 
WiUow, . . 


Avge. 
0.76 0.76 
0.56 0.56 
0.56 0.56 
0.65 to 1.33 1.00 
0.604 
0.728 

0.56 to 1.06 0.81 
0.57 to 0.79 0.68 
0.56to0.90 0.73 
0.96 to 1.26 1.11 
0.60 to 0.86 0.77 
0.73 to 0.75 0.74 
0.35 toO.55 0.45 
0.46 to 0.76 0.61 
0.38 to 0.58 0.48 
0.40 to 0.50 0.45 
0.50 to 0.62 0.60 
0.66 to 0.98 0.82 
0.50 to 0.67 0.58 
0.49 too. 50 0.54 


47 
35 
35 
62 
37 
46 
51 
42 
46 
60 
48 
46 
28 
38 
30 
28 
37 
51 
36 
34 


Apple,. . . . 


0.73 to 0.79 0.76 


Ash 


0.60 to 0.84 0.72 


Bamboo, . . 
Beech, . . . 
Birch, .... 
Box, .... 


0.31 to0.40 0.35 
0.62 to 0.85 0.73 
0.56 to 0.74 0.66 
0.91 to 1.33 1.12 


Cedar, .... 


0.49 to 0.75 0.62 


Cherry, . . . 
Chestnut, . . 
Cork, .... 


0.61 to 0.72 0.66 
0.46 to 0.66 0.56 
0.24 0.24 


Cypress, . . . 
Dogwood, . . 
Ebony, . . . 
Elm, .... 


0.41 toO.66 0.53 
0.76 0.76 
1.13tol.33 1.23 
0.56 to 0.78 0.61 


Fir, 


0.48 to 0.70 0.50 


Gum, .... 


0.84 to 1.00 0.92 


Hackmatack, . 
Hemlock, . . 
Hickory, . . . 
Holly,. . . . 


0.59 0.50 
0.36 to 0.41 0.38 
0.69 to 0.94 0.77 
0.76 0.76 







Jieprinied by pennistUmfnm "KewL't MecHonbcol £tvQ\,TVBeT«: PoOmx ^w^kV.: 
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Cement. Amnrioaii. nBtonl. 

Ceroent. Portlend 

Cement, Portluid, loow. . 
Cement, Fqrlluul, in barrelii, 

Conorete, ...,-.,, 

Euth, looee 

Earth, nunmed 



lime, Quiek, In bulk. . 
Uegneoia, Carbomite, , 
















Banditone. 
Blale, . . . 



1 .76 to 1 .^ 
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SFEGIFIO aRAYITY AND WEIGHT OF METALS 



Aluminum, .... 

Antimony 

BiBmuth, 

BrasB: Copper +Zino 
80 20 
70 dO 
60 40 
CO 60 ^ 

BronM}^^ 6to20y 

Cadmium, 

Calcium 

Chromium, 

Cobalt 

Gold, pure, 

Copper, 

Iridium, 

Iron, Cast 

Iron, Wrought, . . . 

Lead, 

Manganese, 

Magnesium, . 



Mercury, 



60* 
212* 



Nickel, . . 
Platinum, . 
Potassium, 
^ver, . . 
Sodium, . 
Steel.. . . 
•Hn, . . . 
Titanium, . 
Tungsten, . 
Zinc, . . . 



Spaciflo Gravity. 

Range According 
to Several 
Autborttles 



2.66 to 2.71 
6.66 to 6.86 
9.74 to 9.90 



7.8 to 8.6 



8.62 to 8.96 

8.6 to 8.7 
1.68 
6.0 
8.6 to 8.6 
19.246 to 19.361 
8.69 to 8.92 
22.38 to 23. 
6.86 to 7.48 
7.4 to 7.9 
11.07 to 11 .44 
7. to 8. 
1.69 to 1.76 
13.60 to 13.62 

13.68 
13.37 to 13.38 
8.279 to 8.93 
20.33 to 22.07 

0.866 
10.474 to 10.611 

0.97 
7.69* to 7.932t 
7.291 to 7.409 

6.3 
17. to 17.6 
6.86 to 7.20 



Specific Grav- 
ity. Approz. 
Keao Value, 

used In 
Calculation of 

Weight 



2.67 
6.76 
9.82 




8.863 

8.66 

1.68 

6.0 

8.66 
19.268 

8.863 
22.38 

7.218 

7.70 
11.38 

8. 

1.76 
13.62 
13.58 
13.38 

8.8 
21.6 

0.866 
10.606 

0.97 

7.864 

7.360 

6.3 
17.3 

7.00 



Weight 

per 

Cubic 

Foot 



Lbs. 



166.6 
421.6 
612.4 

636.3 
623.8 
621.3 
611.4 

662. 

639. 
98.6 
311.8 
633.1 

1200.9 
662. 

1396. 
460. 
480. 
709.7 
499. 
109. 
849.3 
846.8 
834.4 
648.7 

1347.0 
63.9 
666.1 
60.6 
489.6 
468.3 
330.6 

1078.7 
436.6 



Wdght 



Cubic 
Inch 



Lbs. 



0.0963 
0.2439 
0.3644 

0.3103 
0.3031 
0.3017 
0.2969 

0.3196 

0.3121 
0.0570 
0.1804 
0.3086 
0.6949 
0.3196 
0.8076 
0.2604 
0.2779 
0.4106 
0.2887 
0.0641 
0.4915 
0.4900 
0.4828 
0.3176 
0.7768 
0.0312 
0.3791 
0.0350 
0.2834 
0.2662 
0.1913 
0.6243 
0.2626 



* Hard and burned. 

t Very pure and soft. The sp. gr. decreases as the carbon is increased. 

In the nrst column of figures the lowest are usually those of cast metals, 
which are more or less porous; the highest are of metals finely rolled or 
drawn into wire. 

ReprinUd by v^rmiuion from "Kera't Mechanical Bnglneen' Pocket Book." 
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TABLES OF WEIGHTS AND MEASURES 

Linear Measure 

12 inches (in.), .... «1 foot (ft.) 

3 feet, — 1 yard (yd.) 

5.5 yards, — lrod(rd.) 

40 rods, =1 furlong (fur.) 

8 furlongs, =1 mile (mi.) 

1 mi. = 8 fur. =320 rods = 1760 yd. = 5280 ft. = 63,360 in. 

Square Measure 

144 square inches (sq . in . ) , =1 square foot (sq . ft . ) 

9 square feet, . . . . = 1 square yard (sq. yd.) 
30^ square yards, . . . . = 1 square rod (sq. rd.) 

160 square rods =1 acre (A) 

640 acres, =1 square mUe (sq. mi.) 

1 sq. mi. = 640 acres = 102,400 sq. rd. =3,097,600 sq. yd.= 
27,878,400 sq. ft. =4,014,489,600 sq. in. 

Cubic Measure 

1,728 cubic inches (cu. in.), =1 cubic foot (cu. ft.) 

27 cubic feet, =1 cubic yard (cu. yd.) 

128 cubic feet, =1 cord (cd.) 

24% cubic feet, =1 perch (P.) 

1 cu. yd. =27 cu. ft. =46,656 cu. in. 

Measures of Angles or Arcs 

60 seconds ("), .... =1 minute (') 

60 minutes, =1 degree (°) 

90 degrees, =1 right anple or quadrant ( d ) 

360 degrees, =1 circle (cir.) 

1 cir. =360^=21,600' = 1,296,000^^. 

Avoirdupois Weight 

437.5 grains (gr.), .... =1 ounce (oz.) 

16 ounces, =1 pound (lb.) 

100 pounds, =1 hundredweight (cwt.) 

20 cwt. or 2,000 lb., . . =1 ton (T.) 
1 T.=20 cwt. =2,000 lb. =32,000 oz. = 14,000,000 gr. 
The avoirdupois pound contains 7,000 grains. 

Dry Measure, 

2 pints (pt.), =1 quart (qt.) 

8 quarts, =1 peck (pk.) 

4 pecks, =1 bushel (bu.) 

1 bu.=4 pk.=32 qt. = 64 pt. 

The U. S. struck bushel contains 2,150.42 cubic inches— 
1.2444 cubic feet. By law, its ^meTVB\oT\& ^.te those of a 
cylinder 18^ inches in diameter and % \3Mi)aea d^e^. 'Yt« 
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heaped bushel is equal to VA struck bushels, the cone being 
six inches high. Tne dry gallon contains 268.8 cubic inches, 
being ^ of a struck bushd. 

For approximations, the bushel may be taken at VA cubic 
feet, or a cubic foot may be considered % of a bushel. 

The British bushel contains 2,218.19 cubic inches = 1.2837 
cubic feet = 1.032 U. S. bushels. 

Liquid Measure 

4 gills (gi.), =lpint(pt.) 

2 pints, =1 quart (qt.) 

4 quarts, =1 gallon (gal.) 

31^ gallons, =1 barrel (bbl.) 

2 barrels, =1 hogshead (hhd.) 

1 hhd. =2 bbl. =63 gal. =252 qt. = 504 pt. =2,016 gi. 

The U. S. gallon contains 231 cubic inches = .134 cubic feet 
approximate ; or 1 cubic foot contains 7.481 gallons. The fol- 
lowing cylinders contain the given measures very closely : 

Diam. Height Diam. Height 

Gill, 1% in. 3 in. Gallon, . . 7 in. 6 in. 

Pint, 3^ in. 3 in. 8 gallons, . 14 in. 12 in. 

Quart, .... 3% in. 6 in. 10 gallons, . 14 in. 15 in. 

When water is at its maximum density, 1 cubic foot 
weighs 62.425 pounds and 1 gallon weighs 8.345 pounds. 

For approximations, 1 cubic foot of water is considered 
equal to 7^ gallons and 1 gallon as weighing 8^ pounds. 

The British Imperial gallon, both liquid and dry, contains 
277.274 cubic inches =.16046 cubic feet, and is equivalent to 
the volume of 10 pounds of pure water at 62 degrees Fahr. 
To reduce British to U. S. liquid ^Uons, multiply by 1.2. Con- 
versely, to convert U. S. into British liquia gallons, divide 
by 1.2 ; or, increase the number of gallons M>. 

Miscellaneous Table 

12 articles, =1 dozen. 

12 dozen, =1 gross. 

12 gross, =1 great gross. 

2 articles, =1 pair. 

20 articles, =1 score. 

24 sheets, =1 quire. 

20 quires, =1 ream. 



390 



QENfiRAL RAILWAY SIGNAL OOliPANy 



FRENCH OR METRIC MEASURE 

The metric unit of length is the metre » 39.87 inches. 

The metric unit of weight is the sram —15.432 grains. 

The following prefixes are used for subdivisions and multi- 

61es: MiUi- 1/1000, Centi- 1/100, Deci-1/10, Deca-10, 
[ecto-100, Kilo -1000, Myria - 10,000. 



FRENCH EQUIVALENTS OF AMERICAN AND 
BRITISH MEASURE 

Measures of Length 

French British and U, S, 

(39.37 inches 

1 metre, - ^ or 3.28083 feet 

( or 1.09361 yards 

.3048 metre, =1 foot 

1 centimetre, = .3937 inch 

2.54 centimetres, =1 inch 

1 ^;ii;r«^f*^ i .03937 inch, or 

1 millimetre, U/25 inch, iearly 

25.4 millimetres, =1 inch 

1 Lni^^^^^ = J 1093.61 yards or 

1 kilometre, "^ ^ 0.62137 mile 



Measures of Surface 



French 

1 square metre, . . . 

.836 square metre, . . . 

.0929 square metre, . . . 

1 square centimetre, . 

6.452 square centimetres, 

1 square millimetre, . 

645.2 square millimetres, 

1 centiare = 1 square metre, 
1 are = 1 square decametre, 

1 hectare = 100 ares, . . . 



British and U, S. 



1 square kilometre, . 
1 square myriametre, 



-I 



1 10.764 square feet 

i 1.196 square yards 
1 square yard 
= 1 square foot 
= .155 square inch. 
= 1 square inch 
^ ( .00155 square inch 

\ 1973.5 circular mils. 
= 1 square inch 
= 10.764 square feet 
= 1076.41 square feet 
_ j 107641 square feet 

( 2.4711 acres 
^ / .386109 square mile 

1247.11 acres 
=38.6109 square miles 

Beprinted by permtsnon frwn ** Ken£% MecKanicca Eivo\t««i» % Pock«X BwAtr 
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Measures of Volume 



French 

1 cubic metre, 

.7645 cubic metre, 

.02832 cubic metre, 

1 cubic decimetre, 

28.32 cubic decimetres, 

1 cubic centimetre, 

16.387 cubic centimetres, 

1 cubic centimetre = 1 millilitre, 

1 centilitre, 

1 decilitre, 

1 litre = 1 cubic decimetre, . . 
1 hectolitre or decistere, . . . 
1 stere, kilolitre, or cubic metre, 



-I 



-{ 



BrUiah and XJ. S, 

35.314 cubic feet 
1.308 cubic yards 

1 cubic yard 

1 cubic foot 
61.023 cubic inches 
.0353 cubic foot 

1 cubic foot 

.061 cubic inch 

1 cubic inch 

.061 cubic inch 

.610 cubic inch 

6.102 cubic inches 
61.023 cubic inches 
1.05671 quarts, U. S. 
3.5314 cubic feet 
2.8375 bushels, U. S. 

f 1.308 cubic yards 

1 28.37 bushels, U. S. 



-I 
-I 



French 



Measures op Capacity 

British and U, S. 



1 litre (1 cubic decimetre), 



28.317 litres, 
4.543 litres, 
3.785 litres. 



'61.023 cubic inches 
.03531 cubic foot 
= < .2642 gallon (Am.) 
2.202 pounds of 
L water at 62° Fahr. 
== 1 cubic foot 
= 1 gallon (British) 
= 1 gallon (American) 



Measures of Weight 



French British and U, S. 

1 gramme, » 15.432 grains 

.0648 gramme, =1 grain 

28.35 grammes, — 1 oxmce avoirdupois 

1 kilogramme, =-2.2046 pounds 

.4536 kilogramme ^ -"1 pound 

f.9842 ton of 2,240 

1 tonne or metric ton, 

1,000 kilogrammes, ^ 



1.016 metric tons. 



1,016 kilogrammes, —(pounds 



pounds 
19.68 cwts. 
^2204.6 pounds 
1 ton of 2,240 
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6BNEIUL RAILWAY SIGNAL COMPANY 



SQUARES. CUBES. SQUARE ROOTS AND CUBE ROOTS OF 

NUMBERS FROM 0.1 TO 100 
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SECTION XVIII 



APPENDIX 



COVERING REPRINT OF PREFACE 
FROM TAYLOR (G. R. S.) CATALOGUE 
NO. 1, INFORMATION REQUIRED FOR 
THE DRAWING UP OF INTERLOCKING 
ESTIMATES, AND A LIST OF G. R. S. 
ELECTRIC INTERLOCKING LEVERS 

INSTALLED 



APPENDIX 



REPRINT OF PREFACE 

From Catalogue No. 1 (1902), Taylor Signal Company, Buffalo^ 
N, Y. Taylor Signal Company acquired by the General RaH- 
way Signal Company in 1904. 

IN the last few years there has been a phenomenal increase 
in tonnage hauled on American railways, necessitating 
the purchase of more and better engines and cars of larger 
capacity, equipped with the best safety devices. Enor- 
mous sums have been e^roended in taking out curves, cutting 
down grades, laying additional main tracks, putting in new 
siding, and providing improved terminal facilities. But, 
notwithstanding all these improvements, many lines find it 
impossible to handle their business with sufficient dispatch to 
avoid congestion. This fact has led many progressive Ameri- 
can railway managers to realize that if tney are to secure the 
best and most economical returns ^m the great expenditures 
made for motive power, car equipment, and traclra, suitable 
means must be provided to enable their trains to move with a 
minimum of delays and a maximum of safety; and this can 
only be realized when train orders are supplanted by an up-to- 
date block system and hand operated switches by a modem 
system of interlocking. 

The very highest development of the art of signaling has 
been reached in this country, but no American railway is nearly 
so thoroughly equipped with signaling as is the average English 
line. 

This lack of signal ec^uipment will be better comprehended 
after considering some simple statistics. 

The first interlocking plant installed on the London and 
Northwestern Railway was put in service in 1859; fourteen 
years later, in 1873, there were in use on that line alone 13,000 
levers. At the same date there was not a single interlocking 

Elant in use in the United States, the first plant in this country 
aving been installed in the year 1874 by Messrs. Toucy and 
Buchanan at Spuyten Duyvil Jimction, in New York City. 

At the present time (1902) there are in use on the 1,800 
miles of line of the London and Northwestern Railway ap- 
proximately 36,000 interlocked levers, or an average of about 
twenty levers per mile of line, whereas there are only about 
40,000 in use on all lines of the United States, or, approxi- 
mately, one lever to five miles of line, or about 1 'per cent. 
of the number of levers per mile used on the London and 
Northwestern Railway. 

When it is remembered that probably more than one-half 
of the interlocked levers in use in this eouxAr^ «c^ ^ Ngp^A^ 
crossings, leaving fewer than 20,000 \evet^ \)i»\ Vst ^^^^^^JJ^. 
jrard and terminal work, whereas practVcaXV^ VJaa ec^So^*^^?*** 
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on the L. & N. W. are used for such work alone, it will be recog- 
nized that American railways are in general voy poorly pro- 
vided with modem signal appliances. In fact, there is probably 
tonday not a single American railway that is nearly so thor- 
oughly equipped as the London and Northwestern was twenty^ 
seven years ago, though, as might be expected, the devices m 
use on American lines having properly oi^nized signal depart- 
ments, capable of making suitable specifications, compare 
favorably with the best in use on European lines and, in nu- 
merous instances, large power plants are in use which are supe- 
rior to anything ever devised abroad. 

There can be no question as to the inability of most of our 
railways to move their trains with proper safety and dispatch 
during times when traffic is heavy; no competent railway 
operating officer doubts that proper systems of signaling would 
greatly aid in the safer and more rapid movement of trains 
and, while there are probably few American railway men 
who recognize fully how very far behind the best European 
lines oiu* fines are in respect to the completeness of their signal 
equipment, this is becoming better understood ev&ry year 
and there is reason to believe that our most progressive lines 
will not much longer continue to limit the applications of 
interlocking to the protection of grade crossings with here 
and there a junction or yard plant. 

Such beine the case, it is probable that more signaling will 
be done in tne near future than has ever before been done in 
this country and American railway managers will, therefore, 
find it greatly to their advantage to give serious consideration 
to the determination of what system of interlocking they can 
best use. 

The earliest system employed and that in most general use 
at this time is the so-called *' mechanical interlocking'' in 
which the switches or signals are manually worked by means 
of interlocked levers connected with them by pipe or wire lines. 

When properly installed, this system has given satisfactory 
results; out, unfortunately, in the effort of railway men to 
secure cheap appliances and in the stress of competition be- 
tween the various manufactiu'ers of signaling devices, a great 
many of the installations made in this country are very imper- 
fect and unsafe. 

Experience has shown that, in order to secure a reasonable 
degree of safety, it is absolutely essential that the following 
requirements be met : 

All derails, movable point frogs, locks, switches and home 
signals should be worked by pipe; no signal should be worked 
by a single wire; all pipe and wire lines should be automatic- 
ally compensated ; all derails, movable point frogs and facing 
I>omt switches should be provided with duplex facing point 
ocks; all cranks and pipe compensators should be fixed on 
strong foundations set in best quality concrete; no facing 
point switch more than 600 feet Irom tJaa \«rw«c ^orai^ \ifc 
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taken into the gystem; no lever should be overloaded by 
putting on it such a number of switches and bars as to pre- 
vent a man of average strength from throwing it with one 
hand. 

Where these and other proper specifications have been fol- 
lowed, fair results have been obtained, though it has long 
been recognized by American railway operating officials that 
this system has innerent defects that render it, under certain 
conditions, unsafe. For example, in the event of the breakage 
of a pipe or wire operating a signal, there can be no absolute 
assurance that such breakage will be known by the leverman 
or that such signal will occupy a position corresponding with 
that of its lever or that it will not indicate ''line clear" when, 
its lever being normal, another and opposing signal is set at 
"line clear.'' 

The fotigue incident to working mechanical levers is very 
ereat, so t&t it is frequently necessary to employ three eight- 
hour levermen for a comparatively small plant where the 
nimaber of lever movements is considerable; if the plant is 
very large, it is sometimes necessary to employ as many as 
eight men on each of three shifts. 

Moreover, imder certain conditions it is very costly to operate 
such a system. For example, in cases where the distance 
between the extreme switches to be operated is over 1,600 
feet, it is generally necessary to provide two mechanical inter- 
locking towers, each with its own set of levermen, as it is 
neither safe nor practicable to work such switches from one 
tower. It is interesting to note in this connection that under 
the English Board of Trade requirements, which are wisely 
drawn and rigidly enforced, no facing point switch may be 
operated at a distance exceeding 540 feet from the tower. 
Eiven at this distance it is considered that ordinary pipe lines 
are not sufficiently strong or safe and many English lines now 
employ a steel channel section, cut to eighteen foot lengths and 
jointed by means of fish plates secured by six one-half inch 
bolts, this construction admitting of ready detection of rods 
weakened by corrosion and of their easy removal. 

In order to overcome these and other disadvantages inherent 
in systems of mechanical interlocking, the "pneumatic system '* 
was devised by Mr. George Westinghouse, Jr., the first working 
installation having been made at the crossing of the P. and R. 
and L. V. Railways, near Bound Brook, N. J., in 1884. 

At the present time two varieties of this system are in use, 
one, popularly known as the "electro-pneumatic," in which 
air compressed to a working pressure of about sixty pounds 
is employed for moving switches and signals and in which the 
release locking is effected by electro-magnetic means; and the 
other, popularly known as the "low pressure pneumatic," in 
which air at a pressure of about twenty poimds is used Cot 
operation and in which compressed aVr ^ee^ >i}ci<^ ^s^cas^ 
Jacking. 
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Some of the advantages claimed for this system are as 
follows: 

The ability to operate switches and signals at any desired 
distance from the cabin ; that switches are actually required 
to be moved and securely locked in the proper position before 
a signal governing traffic over them can be cleared ; that each 
signal, when cleared, automatically locks the lever operating it 
in such manner as to prevent the release of levers controUmg 
conflicting signals and switches, imtil such signal has been 
again placed completely at danger, thus effectually providing 
ajgainst the simultaneous display of two conflictmg clear 
signals; that, there being no moving parts between cabin 
and switches and signals, wear of mechanism, lost motion and 
the troublesome and dangerous effects of expansion and con- 
traction of mechanically operated pipes and wires are all 
eliminated; that much less room is required for leadout con- 
nections than in a mechanical plant and much valuable space 
is thereby saved; that cabins of much smaller and lignter 
design are used ; that the operation of the machine requires so 
little physical exertion that one man can do the work that 
would in a mechanical plant require three or four. 

There can be no doubt that both varieties of the pneumatic 
system are far better adapted for the working of large plants 
than the mechanical as both largely fulfill tne claims above 
referred to. 

It is, however, found that in the electro-pneumatic system 
a cross between the release locking (commonly known as indi- 
cation") wire and the common return wire (or ground), will 
have the same effect as would the closing of the indication cir- 
cuit in the proper manner, thus giving a false indication, which 
in view of the fact that the safety of any power interlocking 
depends upon the reliability of its indications, is highly objec- 
tionable. It is also found that where the indication is given 
by means of compressed air the release locking is often effected 
very slowly in cases where switches or signals are located at a 
considerable distance from the tower and this, at a busy plant, 
is also very objectionable. 

Another disadvantage of the low pressure pneumatic system 
is that if a switch, meeting any obstruction, fails to complete 
its movement and to give mdication, it is necessary either for 
a repairman to go immediately to the switch and operate it 
by hand or for the leverman to force the indication, which is 
often done and is evidently dangerous. Thus, in one style of 
the pneumatic system there is the defect due to possibility of 
false indication and in the other the defect due to slow indi- 
cation and to inability to reverse a switch which has not fully 
completed its movement. Some other disadvantages of the 
pneumatic systems are as follows: 

Liability to freezing of pipes and valves in extreme cold 
weather; high cost of fumiahing po^er ; danger of throwing 
near switches under trains wSen, omxv^ \^ exfccexcie a^S^ 
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weather, it is necessary to maintain higher than normal pres- 
sures in order to be able to work switches farthest from tower; 
high cost of maintenance owine to rapid deterioration of iron 
pipe lines placed imderground and subjected to action of 
various salts and alkalies found in soil and to electrolytic 
action from electric railway and lighting circuits; difficulty 
and cost of locating leaks and breaks m pipe lines under groimd ; 
extremely high cost of installing and operating mediimi sized 
and small plants or a small number of switches or signals 
located at a considerable distance from the tower in a mrge 
plant. 

To overcome these and other objectionable features of the 
pneumatic system, the ''electric'' system was devised. 

This system, the invention of Mr. John D. Taylor of Chilli- 
cothe, Ohio, was first installed by him on the B. & O. S. W. 
R'y at East Norwood, near Cincinnati, Ohio, in 1891; in 
1893 certain improvements were introduced by him in the 
methods of giving indications, the installation remaining 
otherwise as originally made. For some years afte^- 1893, 
only a few small installations were made by Mr. Taylo : owing 
to lack of sufficient capital to develop his inventions on a 
large scale, but in May, 1900, the Taylor Signal Company was 
or^nized in Buffalo, N. Y., and since that time a great number 
of installations, varying in size from the equivalent of 6 to 225 
mechanical levers, have been made on important lines of 
railway in the United States and Europe. 

In the Taylor (G. R. S.) electric system, switches and signals 
are operated by means of electric motors, the current for 
these motors being furnished generally by a storage battery, 
charged from a dynamo driven by an electric motor or gas 
engine. The release locking is effected by an electro-magnetic 
device placed imder each mterlocking lever and actuated by 
a dynamic current furnished by the switch or signal motor 
controlled by such lever, when and only when a switch has 
moved to a position corresponding with thai of the lever and is 
hoU locked in that position or when a signal arm has nurved to its 
full danger position. Crosses between an indication wire and 
common return wire (or gnound) or any other wire of the 
system, can at worst only prevent the giving of indication and 
cannot by any possibility result in the giving of a false clear 
indication as can occur in other systems employing electro- 
magnetic indications. Moreover, in this system, indications 
are given instarUaneotisly upon completion of locking of switch 
or of movement of signal to its stop position, irrespective of 
the distance of such switch or signal from the tower, thus 
effecting a great saving in the time required by any system 
using pneumatic indications, to set up a route. 

If, when a switch is thrown, it fails to complete its move- 
ment owing to some obstruction between point «x^ ^^a^^ 
rail, or for any cause whatever, the ewVXftYi ca.TL\ife^«s^«t^^'^ 
the Jeverman to its original poratioTi waA. «tLO>^Jassc Assi^. ^«^ 
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be made to perfonn the desired movement, ofttimes thus 
avoiding the necessity, so frequently met with in the low 
pressure pnexunatic system, of sendine a man out to throw 
the switch by hand or of forcing the indication. 

The electnc is the only power system that can be satisfoc- 
torily employed for the operation of plants having a small 
number or switches and signals. It is m service where as few 
as six working levers are employed and is p^ectly adapted 
for use at all jimctions, crossings, drawbridges, tunnels, sta- 
tions, yards, passing sidings, etc., where the distance between 
extreme switches or sigimls is greater than can be safdy 
covered with a mechanic plant, even though there be only a 
very few signals and switches to be operated. For example, 
consider the two following diagrams, the first one showing 
arrangement of passing sidings on a single track and the other 
on a double tracK line: 




' Id UI B 



STATION-A 



I000'n>7000' 



1000 to 7000 




CGRS-)9I3) 



STATIOffB 



On a few of the best signaled American railways the switches 
and signals immediately adjacent to the station A or B, would 
be worked by a mechanical interlocking plant, but owing to 
the great cost of operating an additionafmechanical interlock- 
ing plant at each of the extreme switches and the prohibitive 
cost of putting in a pneimiatic power system by which all the 
switches and signals could be worked from the station, the 
inlet switches are left to be worked by the trainmen, necessi- 
tating the stopping of their trains; and if, as sometimes 
happens, such stoppage occurs on a bad grade, heavy trains 
may break in two in starting up. Every practical railway 
man will at once recognize uie tremendous advantage that 
would be gained if these extreme switches, to^etUer with their 
proper signals, could be safely and ecoiiOTa\ca3\7 -^oxVedL Vkswl 
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the station, thereby enabling trains to pass onto and out of 
passing sidings at speed and in absolute safety. With the 
Taylor (G. R. S.) electric Systran this can be effected at a rela- 
tively small cost, and, in conjunction with a Systran of auto- 
matic, electric, track circuit block signals in use on the open 
road, where there are no switches, this forms the ideal lock 
and block system and one, which we bdieve is destined to 
replace all others both in this country and in Europe. 

In the electric system, the cost oi producing power for the 
operation of switches and signals rarely or never exceeds 
1 per cent, of the cost in any other power system doing an 
equal amount of work. For example, if in a system using 
compressed air, the cost of coal and services of men employed 
in running power plant is 400 dollars per month, the total cost 
of producmg power for an electric plant doing preciselv the 
same work will rarely or never exceed four dollars monthly. 

In this connection it will be interesting to note that at the 
South Endewood Tavlor (G. R. S.) intenocking plant on the 
C. R. I. & r. R. R., where the average daily numb^ of switches 
moved and signals cleared is 2,250, the consumption of gaso- 
line for runnmg engine for charging storage batteries, was 
sixty-eight gallons in eighty-six days, or one gallon for 2,845 
switch and signal operations. At Sixteenth and Clark streets, 
Chicago, Taylor (G. R. S.) interlocking plant at the crossing 
of the St. Charles Air Line with the C. R. I. & P. and L. S. & 
M. S. R'ys, where the movement exceeds 600 trains daily, the 
consumption of gasoline during 153 days was 222 gallons for 
642,600 switch and signal movements or 2,894 per gallon or 
about 326 movements for one cent for power. 

The cost of maintenance and rene^^^ in an electric plant 
is only a small percentage of the cost in any other power plant. 
This can be readily understood from the fact that more feet of 
electrical conductors are employed in the electro-pneumatic 
system than are used in the Taylor (G. R. S.) system and there 
are all the pneumatic pipes; and, in the low pressure pneu- 
matic system, more feet of iron pipe are used than feet of elec- 
tric conductors in the Taylor (G. R. S.) system, and any one 
havinz experience with the rapid deterioration of iron pipes 
placed in the soils found about railways and subject to elec- 
trolysis, will have no diflSculty in understanding how much 
shorter lived these undra*ground pipes will be than well insulated 
copper wires placed in a suitable conduit above ground. Nor 
is it hard to understand how much more difficult and costly it 
will be to make repairs to such pipe placed several feet under-? 
pround than it will be to repair a break or leak in a wire placed 
m a suitable conduit above ground. 

In this connection, it is interesting to note that the B. & O. 
S. W. R. R., which was the first to mstall the Taylor (G. R. S.) 
system, has foimd it far cheaper to maintain than an (urdinarv 
mechanical plant, and this is particu\axW \x\x<& '^\«t^^^QcEtfittj^ 
change in grade or alignment ot tcacka, «X£^ fduHOOOA 
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required in the interlocking plant, JBuch changes being many 
times more costly in any other system than in the Taylor 
(G. R. S.) electric. Moreover, with the improved devices and 
methods of installation now used in this syst^n, a far better 
i^owing will be made. 

The operation of the electric system is absolutely imaffected 
hy change in temperature, whereas pneimiatic systems some- 
tmies experience serious difficulties owing to condensation 
and freezing of moisture contained in the compressed air, by 
which the mechanism becomes clogged and its working pre- 
vented. 

Even where the working is not absolutely prevented under 
these conditions, it frequently becomes necessary to raise the 
pressure so hi^h in order to comi)ensate for losses in pressure 
at distant switches, that there is danger of throwing near 
switches under train, in case leverman makes an improper 
movement at such a time, as it is certain that as generally 
installed, detector bar connections are not sufficient^ strong 
to resist any considerable increase above the normal working 
pressure in a pneumatic plant. It is therefore doubtfid 
whether, during extreme cola weather, it is ever safe to attempt 
to work from one pneumatic machine, switches and signal, 
located so far from the tower as to require any increase over 
normal working pressure. Unquestionably, the safer practice, 
at such times, is to temporarily abandon the working of such 
switches and signals, as is often done, though this, of course, 
causes much troublesome delay and expense. 

In the electric system no such condition exists, as the 
"electric pressure" is exactly the same on the switch or signal 
motor located at a distance of 5,000 feet as on one located 
500 feet from the tower; moreover, the system is so arranged 
that the throwing of a switch lever while train is over the 
switch would cause the blowing of a fuse on the machine, 
thereby opening the circuit. 

In the foregoing statement no effort has been made to de- 
scribe in detail the appliances and circuits employed in the 
Taylor (G. R. S.) electric system of interlocking; our object 
has been solely to point out the need of signal equipment on 
American railways and to state, without prejudice, the prin- 
cipal merits and defects of the several interlocking ^stems at 
present employed, in order to aid such railway officials as have 
not had opportunity to acquaint themselves with the facts 
above set forth to make an intelligent comparison between 
such systems. 

The Taylor (G. R. S.) electric system is in the fullest accord 

with modem engineering practice which has shown, after years 

of' experiment, that transmission of power to a distance can 

be more satisfactorily accomplished ^oy meaxia oi ^^\.fvsto3 

tAan by any other agency and, wYiWe tXiere \^ no xeaaRst^ Xa 

doubt that this system will be improved *m ^>^e ^^^.^.:^, 

ibe past, we feel warranted in claimixift aX t^i^ v^^eoX. \x«tf 



BXflOTBIC INTEgUiOCKINQ HANDBOOK 413 

that it represents the very highest development of the art of 
signaling, embodying features of safety, economy and general 
applicability not possessed by any other system in use in this 
country or abroad. 

Taylor Signal Company. 

(General Railway Signal Company.) 



INFORMATION TO BE FURNISHED BY THE 

RAILWAY COMPANY WHEN REQUESTING AN 

ESTIMATE ON ELECTRIC INTERLOCKING 

In order to prepare promptly an accurate estimate on a pro- 
posed installation of* electric interlocking, it is necessary that 
definite information on certain items be furnished by the Rail- 
way Company with the request for a proposal. This informa- 
tion can best be covered by a specification together with 
certain plans. 

It is not necessary for each individual railroad to prepare a 
specification form as the Railway Signal Association adopted, 
in 1910, a very complete specification covering this practice. 
The specification has been prepared by a committee of men, 
actively engaged in railway signal work, and its use is heartily 
recommended. It can be secured by reference to the Manual 
of the Railway Signal Association issued in 1912. It has, of 
course, been necessary in drawing up this specification to 
leave optional a number of items, definite information on 
which should be given, with each request for an estimate. 
Attention is especially directed to certain points essential 
to the preparation of estimates, covered by sections of the 
specification as follows : 

3. "Dramngar 

A track plan should be furnished giving very completely the 
information under sub-paragraph 1. The symbols which have 
been adopted by the Railway Signal Association as shown on 
pages 348 to 359 of this Handbook should be used. The infor- 
mation called for in sub-paragraphs 2, 3 and 4 should be given 
if possible, although this is not absolutely necessary. 

7. " Af oferiafe to he furnished and work to he done hy and at 

the expense of the Purchaser." 
Consideration should be given to the items listed in this 
paragraph and note made of any deviation therefrom. 

18. ''Transportation." 

A deGnite statement slioiiid \ie TcvaL^e ^'a \>^ ^\sfe^Ccvsst "cwcds.- 
portSLtion is to be fumished tor meti, \joo\& Ta.TATCvaiy2SC>a^^ ^^ ^^^ 
either. 

\ 
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50. ''Building foumdatuma,** 

51. ** Interlocking 8tation.*' 

52. " Potoer house.** 

It should be clearly stated whether the contractor is to 
erect the buildings and their foundations, the dimensions and 
specifications being given if such is the case. 

54. "Ldahtinp for buildings,** 

When electric lighting for any of the buildings is desired, 
paragraphs a, b, c and a should be filled out. 

60. "Plant:* (Power Plant.) 

61. "Engine.** 
70. "Motor.** 

85. "Storage battery.** 

Definite information must be given as to the power supply. 
The ampere hour capacity and number of cells of the battery 



should be specified as well as the capacity of any charging 
apparatus desired. Data on pa^ 154 to 159 of this Handbook 
win be of assistance in determming the proper capacities for 
the battery and charging apparatus. 

100. "Machine.** (Interloeking Machine.) 

While a properly prepared track plan will determine the 
size and arrangement of levers in the interlocking machine, it 
will be necessary to specify any spare spaces or spare levers 
required in the event of this information not being shown on 
the plan. 

502. " Track circuits." 

The number and arrangement of track circuits to be installed 
should be shown on the plans or covered in the specification. 

506. "Electric lighting circuits.** 

The information called for in this section should be given, 
attention being called to pages 127 to 130 in this Handbook. 

510. "Special circuits.** 

Typical plans of special circuits may be furnished under 
this section or the circuit requirements stated, in which event 
the contractor will submit typical proposed circuits with the 
estimate. Pages 133 to 139 of this Handbook are devoted to 
Electric Locking circuits, the data being based on the R. S. A. 
classification of the different types of circuits. 

521. "Size.** (Wire and Wiring.) 

The data as to size of wires under paragraph " f '* should be 
given when track circuits are to be installed. 
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Number Total 

Name of Road of Plants Levers 

Atchinson, Topeka & Santa F6 RV, 40 1348 

Atlanta, Birmingham & Atlantic K'y, 1 48 

Atlanta Terminal Station, 2 184 

Baltimore & Ohio, 19 880 

Binningham Terminal Station, 1 144 

Buffalo Creek R. R., 1 84 

Canadian Pacific RV, 3 40 

Central of Georgia R'y, 1 52 

Central R. R. of New Jersey, 1 28 

Chattanooga Union Station Co., 1 120 

Chesapeake & Ohio R'y, 7 212 

Chicago & Alton R. R., 2 108 

Chicago & Eastern Illinois R. R., 4 136 

Chicago & Milwaukee Electric, 1 32 

Chicago & Northwestern R*y, 35 2100 

Chicago & Western Indiana R. R., 1 24 

Chicago, Burlington & Quincy R. R., 7 464 

Chicago Great Western R. R., 5 128 

Chicago, Indianapolis & Louisville R'y (Monon), 1 28 

Chicago, Milwaukee & St. Paul R'y, 10 416 

Chicago, Rock Island & Pacific RV, 5 494 

Chicago, St. Paul, Minneapolis & Omaha R'y, 5 80 

Cincinnati, New Orleans & Texas Pacific R'y, . . 6 208 

Cleveland, Cincinnati, Chicago & St. Louis R'y, . 13 556 

Copper Range R. R., 1 40 

Cumberland Valley R. R., 3 24 

Delaware & Hudson Co., 2 64 

Department of Public Works, British Columbia, 1 28 

Detroit & Toledo Construction Co., 1 32 

Detroit River Tunnel Co 4 264 

Elgin, Joliet & Eastern R'y, 2 72 

EneR. R 11 614 

Galveston, Harrisburg & San Antonio R'y, ... 1 40 

Grand Trunk R'y, 2 60 

Great Northern R>, 6 200 

Gulf, Colorado & Santa F6 R'y, 1 48 

Houston & Texas Central R. R., 8 248 

Houston Belt & Terminal R'y, 3 140 

Hudson & Manhattan R. R., 10 128 

Illinois Central R. R., 20 824 

Kansas City Terminal R'y, 1 56 

Kentucl^ & Indiana Terminal R. R., 1 56 

Lake Shore & Michigan Southern R'y, 28 1778 

Lehigh Valley R.R., 9 884 

Long Island K. R., *L y^ 

LouSndUe & NaahvUle R. B, ^ ^^ 
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Nmnber Total 

Name of Road of Plants Levers 

Louisiana R'y & Navigation Co., 1 28 

Michigan Central R. R., 6 272 

Missouri Pacific R'y, 1 32 

Momn's Louisiana & Texas R. R. & S. S. Co., . 1 32 

Nashville, Chattanoom & St. Louis R'y, .... 1 140 

New York Central & Hudson River R. R., . . . 32 2744 

New York, New Haven & Hartford R. R., . . . 3 96 

Norfolk & Western R'y 1 56 

Northern Pacific R'y 7 140 

Northwestern Elevated R. R., 1 28 

Oregon Short Line, 1 52 

Oregon, Washington R. R. & Navigation Co., . . 2 152 

Pacific Electric R'y, 4 164 

Pecos & North Texas Ry., 1 28 

Pennsylvania Lines West of Pittsburgh, .... 16 952 

Pennsylvania R. R., 3 72 

Peoria & Pekin Union R'y, 1 56 

Pare Marquette R. R., 6 248 

Pittsbureh & Lake Erie R. R., 4 260 

RailwaySignalCo.,ofCanada(GrandTrunkR'y), 1 72 

San Francisco-Oakland Terminal R'y, 2 76 

Savannah Union Station, 2 68 

Southern Indiana R'y, 1 32 

Southern Pacific Co., 17 664 

Southern Railway, 1 20 

^okane & Inland Empire R. R.^ 1 16 

Terminal R. R. Assn. of St. Louis, 6 484 

Texas & Pacific R'y 1 120 

Tidewater & Western R. R., 1 * 40 

Toledo & Ohio Central R. R., 2 128 

Toledo R'y & Light Co., 1 4 

Toledo RV & Terminal Co., 2 68 

Toronto, Hamilton & Buffalo R'y, 1 88 

Union Pacific R. R 6 380 

Washington, Baltimore & Annapolis Electric R'y, 1 44 

Western Pacific R'y, 6 180 

Wisconsin Central R. R., 3 92 

Grand Total, 440 21,370 
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Altemattnff 
A 

Ahematiiig current applianoes, 107- 

124 
Alternating current relays (see 

relays) . 
Ancles, measures of, 388. 
Apparatus (see under name of mate* 

rial). 
Appendix: 

Information for estimating, 413, 

414. 
Interlocking plants installed, list 

of, 415, 416. 
Reprint of Preface from Taylor 

(Q. R. S.) Catalogue No. 1. 

405-413. 
Approach locking, 13d, 138 (see also 

electric locking). 
A R. A. rail sections, 375. 
Arcs, measures of, 388. 
Arrester, Uc^tning, 371. 
A. S. C. E. rail sections, 375. 
Avoirdupois weight, 388. 



Ballast, definition of grades of, 273. 
Batteries: 

Primary, caustic soda cell: 

Action of, 285, 287. 

Care of, 287. 

Description of, 285. 

Illustration of, 286. 

R S. A. cell, 286. 

R. S. A. specifications for, 287, 
288. 

Ssrmbols for, 351, 359. 

Uses of, 285. 
Primary, dry cell: 

Care of, 294. 

Description of, 294. 

Symbols for, 351, 359. 

Uses of, 293. 
Primary, gravity cell: 

Action of, 289. 

Care of, 293. 

Chutes for, 292, 293. 

Coppers for, R. S. A., 291. 

Description of, 289. 

Ssrmbols for, 351, 359. 

Uses of, 288. 

Zinc for, R. S. A., 290. 
SeooDdsfy, lead type storage: 
Broken jmts, 163, 



Batteries 

Batteries:'— (Con.) 
Secondary, lead tsnpe storage: 
Capacity required for electric 

lighting. 155, 156. 
Capacity required for function 

operation, 154, 155. 
Capacity required for G. R. S. 

plants, 154-158. 
Capacity required for G. R. S. 

plants, table, 158. 
Capacity required for indica- 
tors, locks, etc., 156. 
Capacity required for operating 

switchbocud, 155. 
Capacity, reserve, 156, 157. 
Cell cover for, 146. 
Cells, number required for inter- 
locking plants, 38. 
Charging apparatus for, 39, 40, 

159-166. 
Charging circuit for, 163. 
(Charging instructions for, 151, 

152. 
Charging switch for, 160. 
Charging rate of, 146, 159. 
Cupboards for, 38, 158. 
Description of, 145. 
Dimensions of R. S. A. cell, 

146. 
Discharging, instructions for, 

152. 
Electrolyte for, 146, 148, 149. 
Formula for determining size of, 

157, 168. 
Function constants, table of, 

155. 
Housing of, 37, 38. 
Illustrations of, 37, 38, 145, 

146, 158. 
Important points in care of, 

153, 154. 
Indications of trouble in, 153. 
Initial charge of, 150. 
Inspection of, 153. 
Installation, R. S. A. directions 

for, 148-151. 
Jar for, 146. 

Large capacity cells for, 151. 
Location at interlocking plants, 

37. 
Low voltage, uses of, 39. 
Operation, R. S. A. instructions 

for. 151-154. 
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Batteries 

Batteries: — (Con.) 

Secondary, lead type storage: 
Readings of, 153. 
Reserve capacity required, 166, 

167. 
R. S. A. directions for installa- 
tion, 148-161. 
R. S. A. instructions for opera- 
tion of, 161-164. 
R. 8. A. specifications for, 147, 

148. 
Sand tray for, 146. 
Specifications for, R. S. A., 147, 

148. 
Symbols for, 360. 
Trouble, indications of, 163. 
Two plate cells for, 160, 161. 
Uses at interlocking plants, 38, 

39. 
Voltage of, 38, 30. 
Weights of cells for, 146. 
Battery charging apparatus (see 

charging apparatus). 
Battery chutes: 

Illustrations of, 292, 293. 
Symbols for, 351. 
Uses of. 293. 
Weights of. 367. 
Battery charging switch, 160, 161. 
Baume's hydrometer, compared 

with specific gravities, 384. 
Bearing, for high or dwarf signal, 70. 
Belting, 373. 374. 
Blades for upper quadrant signals, 

240. 
Board feet required for trunking, 

315. 
Board measure, table of, 383. 
Bolts, dimensions of, 380. 
Bonds, impedance (see impedance 

bonds). 
Bond wires and channel pins, quan- 
tities required, 378. 
Boxes: 
Junction (see junction boxes). 
Measuring concrete, 323. 
Relay (see relay boxes). 
Switch (see switch circuit con- 
trollers). 
Bracket masts, 243. 
Bracket posts (see posts). 
Bridge circuit closers ; 
Description of, 233, 234. 
Dimensions of, 233. 
Operation of, 233, 234. 
Symbols for, 857, 
Bridge maata, 243. 
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Capacity of storage batteries, 154- 
158 (see also battery, stor- 
age). 
Caustic soda cell, 286-288 (see also 

battery, primary). 
CJentigrade temperatures compared 

with Fahrenheit, 302. 
Cbannel pins and bond wires, quan- 
tities required, 378. 
(charging apparatus, generators, 
driving units, etc. : 
Capacity required, 160. 
Circuits for, 163. 
Description of, 89, 40. 
Dimensions of, 168, 160. 
Efliciency of, 150. 
Floor space, required for, 150, 

160. 
Input, 150. 
Illustrations of, 30, 40, 42, 43, 

170. 
Installation data for, 160-181. 
Switchboards for, 40-46. 
Symbols for, 350. 
Weights of. 363. 
Charging rheostat, 40. 
Charging switch, battery, 160, 161. 
Charts, manipulation, 102, 103. 
Check locking, 140, 141. 
Chutes, battery (see battery chutes) . 
Circuits: 

Approach, indication and sec- 
tion locking in combination, 
138. 
Approach locking, 136. 
Alternating current track, double 

rail. 273. 
Alternating current track, single 

rail, 114-110. 
Battery charging switch, 161. 
Charging, simplified, 163. 
Check locking. 140. 141. 
Cross protection, 88, 80. 
Double rail A. C. track, 273. 
Electric locking: 

Approach, indication and sec- 
tion locking in combination, 
138. 
Approach locking, 186. 
Route locking, 136. 
Section locking 134. 
Stick, indication and section 
locking in combination, 130. 
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Circuits 

Circuits: — iCon.) 
Motor oonnecticHis: 

Model 2 switch machine, 201. 
Model 4 switch machine, 209. 
Operating: 
Model 2 and 3 dwarf sisnals, 83, 

84. 
Model 2A high signal, 22-24. 
Model 2 and 4 switch machines, 

19-22. 
Switchboards, 40-46. 
Pole changer: 
Model 2 switch machine, 203. 
Model 4 switch machine, 210. 
Route locking, 136. 
Section locking, 134. 
Signal: 

Description of, 22-24. 

Model 2 or 3 solenoid dwarf, 

84. 
Model 2 solenoid dwarf, one 

arm, typical, 260. 
Model 2 solenoid dwarf, two 

arm, typical, 261. 
Model 3 solenoid dwarf, typi- 
cal, 262. 
Modd 2A, two position, non- 
automatic, simplified, 23. 
Model 2A, two position, non- 
automatic, typical, 71, 254, 
255. 
Model 2A, two position, semi- 
automatic, typical, 73, 256- 
259. 
Single rail A. C. track, 114- 
119. 

Stick, indication and section 

locking in combination, 139. 
Stick locking, 137. 
Switchboard: 

Description of, 40-46. 
Combination power and operas 

ting, 180. 
Operating, 181. 
Operating, simplified diagram 

for, 45. 
Power, 176-178. 
Power, simplified diagram for, 
43. 
Switch machine: 

Description of, 19-22. 
Double switch lever, 228. 
Model 2 or Model 4, 61. 
Model 2 or Model 4, simplified, 

20. 
Model 2, typical, 226, 
Model 4, typical 227. 



Concrete 

Circuits : — (Con.) 
Switch machine: 

Motor connections. Model 2, 

201. 
Motor connections. Model 4, 

209. 
Pole changer. Model 2, 203. 
Pole changer. Model 4, 210. 
Symbols for, 354-359. 
Testing, for pick-up and drop- 
away of D. C. line relay, 276. 
Testing, for pick-up and drop- 
away of D. C. track relay, 
276. 
Testing, for remstance of grounds, 

372. 
Testing, for resistance of relay 

contacts, 276. 
Track: 

Alternating current, double 

rail, 273. 
Alternating current, single rail, 
114-119. 
Written, 331-339. 
Circuit closers, bridge, 233, 234. 
Circuit controllers: 

Nomenclature for, 334-336. 
Switch (see switch circuit con- 
trollers). 
Ssrmbols for, R. S. A., 356-358. 
Circular measure, 388. 
Clearance diagrams: 

Model 2A dwarf signal and third 

raU, 244. 
Model 2 and Model 4 switch ma- 
chines, 214. 
Model 4 switch machine and third 
raU, 215. 
Clips, rail, 229. 
Closers, bridge circuit, 233. 
Common return or main common 
wire, 19, 22, 60, 70, 83, 93, 
309. 
Concrete, Portland Cement: 
Box for measuring, 323. 
Cautions in use of, 322, 323. 
Consistency of, 321. 
Foundations (see foundations). 
Mixing by hand, 322. 
M^i^ng by machine, 322. 
Proportions of material for, 321. 
Specifications, R. S. A. for: 
Cement, 325. 
Consistency, 326. 
Density of ingredients, 326. 
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Concrete 

Concrete : — (Con.) # 

Specifications, R. S. A. for: 
Finishing, 327. 
Forms, 326. 
Freezing weather, 328. 
General, 325. 
Gravel, 325. 
Measures, 325. 
Mixing, 326. 

Reinloroed concrete, 328. 
Sand, 325. 
Stone, 325. 
Water. 325. 
Waterproofing, 328. 
Storing of, 321. 
Volumes of material for, 324. 
Controllers, circuit (see circuit con- 
trollers). 
Control wire for signals, 22, 70, 83, 

308. 
Control wire for switches, 19, 60, 

308. 
Cooling tank (see tanks). 
Copper-clad wire tables, 307 (see 

also wire). 
Coppers for gravity primary battery, 

291. 
Copper wire tables, 306, 307 (see 

also wire) . 
Cross protection: 
Advantages of, 26. 
Apparatus for, 88-96. 
Cbcuit breaker, individual, 95. 
Circuit breaker, switchboard, 90. 
Circuits for, 88, 89. 
Description of, 24-26, 88-^. 
Operation of circuit breaker for, 

91, 92. 
Polarized relays for, 92, 93. 
Principles of, 89. 
Safeguards, 93. 
Sectionalizing of plants for, 93, 

94. 
Tests for, 94, 96. 
Uses of, 24-26. 
Cubic measure. 388. 
Cupboards, battery housing, 38, 158. 
Cycle of movements: 

Model 2 switch msM;hine, 212. 
Model 4 switch machine, ^13. 



Detector bars: 
Motion plates for, 229. 
Rail clips for, 229. 
Waghta of lAyouUi for, 365. 



\ 



Electro-pneumatic 

Development of electric interlock- 
ing, 6. 
Diagrams: 

Illuminated track, 105, 106. 
Track, 102, 103. 
Distances, shipping, between cities 
of U. S. and Canada, map of, 
368. 
Direct curroat relays (see relays). 
Direct current gmierators (see gen- 
erators). 
Dog chart, 55. 
Dry cell, 293, 294 (see also battery, 

primary). 
Dry measure, 388. 
Dwarf signals (see signals mechan- 
isms). 
Dynamic indication: 
Advantages of, 16, 24. 
Circuits for, 20, 23, 61, 71, 73. 
Description of, 15, 21, 24, 60, 71, 

74. 
Safety of, 24. 
Uses of, 16, 24. 
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Electric interlocking (see inter- 
locking). 
Electric interlocking machines (see 

interlocking machine) . 

Electric interlocking system, 15-28. 

Electric interlocking system (reprint 

from Catalogue No. 1, Taylor 

Signal O).), 405-413. 

Electric lighting, 127-130 (see also 

lighting) . 
Electric locking: 

Approach locking, 136. 
Circuits for, 134-139. 
Combination of basic forms of, 

138, 139. 
Definitions of, 133. 
Description of, 133-139. 
Development of, 133. 
Indication locking, 137, 138. 
Route locking, 135, 136. 
Screw release for, 134. 
Section locking, 134, 135. 
Sectional route locking, 135, 136. 
Stick locking, 137. 
Time release for, 134. 
Electric time rdease, 134. 
Electrolyte for storage batteries: 
Specific gravity of, 148. 

'EAeQtxo-pu«>iinab^*&Vix\«£SxM^ca^^ 
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WngtnfHi 

Engines, gaacdine: 
Beltins for, 373, 374. 
Ckx>lins tank, ccmnectionB for, 

170, 171. 175. 
Cooling tank, location of, 171. 
Description of, 170-172. 
Dimensions of, 160. 
Foundations for, 169. 
Gasoline tank for, 171, 174, 175. 
Horse power of, 159, 169, 174. 
Illustrations of, 170. 
InstallaUon data for, 169, 171, 

174. 
Location of, 171. 
Specifications, R. S. A., for, 174, 

175. 
Speed of, 169, 174. 
Starting, 171, 172. 
Stopping, 172. 

Tanks for, 170, 171, 174, 176. 
Troubles, 172-174. 

Cannot crank, 173. 

Cart>urftion, 172. 

Ignition, 172. 

Loss of compression, 172, 173. 

Loss of power, 173, 174. 

Mechanical difficulties, 173. 
Water connections for, 170. 
Estimates, information to be fur- 
nished by R. R., 413, 414. 



Fahrenheit temperatures compared 

with Centigrade, 393. 
first interlocking installation in 

U. S. A., 5. 
Fluxes for soldering and welding, 299. 
Foundations: 

Bracket post, 251. 

Concrete for (see concrete). 

Gasoline engine, 169. 

Ground signal mast, 252. 

Model 2 one arm dwarf signal, 253. 

Model 2 two arm dwarf signal, 
253. 

Model 2A dwarf signal, 253. 

Model 3 dwarf signal, 253. 

G 

Gasoline engines, 169-175 (see also 

engines). 
Gasoline tanks (see tanks). 
Gears: 

ClearaDoe o/, Model 2A signal, 78. 
Formula tor, 372. 
Speed ot 372. 






Indleating 

Generators, direct current: 

Capacity of, 159, 169. 

Charging circuits for, 163. 

Description of, 39, 162. 

Dimensions of, 169. 

Engines for driving, 159, 169. 

Failure to build up, 166. 

Fitting brushes to, 165. 

Foundation for, 169. 

General instructions for, 164, 
165. 

Illustrations of, 39. 

Installation of. 162-169. 

Maintenance of, 163-166. 

Operation of, 162-164. 

Setting up, 162, 169. 

Shutting down, 164. 

Speed of, 169. 

Specifications, R. S. A. for, 166, 
167. 

Starting, 162, 163. 

Symbols for, 359. 

Uses of, 39. 

Voltage of, 162. 

Weights of, 363. 
Gravity cell, 288-293 (see also bat- 
tery, primary). 
Grounds, cirouit for testing, 372. 



H 



Hanger irons for transformers, 279. 
High Signals (see also signal mech- 
anisms): 
Illustrations of, 17, 22, 25, 81. 
Masts for, 243. 
Spacing of arms for, 243. 
Symbols for, 348, 349. 
Weights of, 365, 366. 
Horse power of gasoline engines, 

159, 169, 174. 
Hydrometer, Baume's, compared 

with specific gravities, 384. 
Hydro-pneumatic interlocking, 5. 



Illuminated track diagrams, 105, 

106. 
Impedance bonds: 

Description of, 120, 121. 

Dimensions of, 120, 121. 

Layouts for, 120, 121. 

Sjrmbols for, 350. 

Weights of, 367, 
IncandeaoenVi Vaxiv^ V^^a^ssc:^^ . 



424 



INDEX 



Indioataon, dynamic (see dynamic 

indication). 
Indication locking, 137-130 (see 

also electric looldng). 
Indication magnets: 
Energy data for, 104. 
Illustrations of, 51, 66. 
Resistance of, 104. 
Indication BeLeotott 68. 
Indicators: 
Alternating current: 
Description of, 111, 112. 
Dimensions of, 270. 
Energy data for, 271. 
Symbols for, 354, 355. 
Weights of, 366. 367. 
Direct current: 
Battery capacity required for, 

156. 167. 
Description of, 103-105. 
Dimensions of. 268. 
Energy data for, 266, 260. 
Illustrations of. iaV105. 
Resistance of, 265. 260 
Symbols for. 354. 356. 
Uses of. 103-105. 
Weights of. 366. 
Individual return wire, 04. 
Installation data (see under name 

of apparatus). 
Installation tools, 360, 370. 
Instructions, installation and main- 
traiance (see under name of 
apparatus). 
Interlocking, introductory article 
on: 
Electric, G. R. S. ssnstem of: 
Applicability of, 10-12. 
At what leverage is it economi- 
cal to install. 7. 
Average sales of G. R. S. plants, 

11. 
Comparison of safety of, 0, 10. 
Cost of maintenance of, 8, 0. 
Developed by, 6. 
Distances functions may be 

operated from, 10* 
Effect of climatic conditions on, 

10, 11. 
Exploited by, 6. 
Number of levers installed, 7. 
Number of plants installed, 6, 7. 
Predictions as to future instal- 
lations of, 11. 12. 
RtJgreBB of, 6. 7. 
Proportion of plants installed 
which are G. R, 8., 6, 7. 



Interioddiis 

Interlocking, introductory article 
on: — (Con,) 
Electric, G. R. S. system of: 
Reasons for adoption of, 8-11. 
Safety of, 8, 11. 
Sise of installations of, 11. 
Use in automatic territory of, 0. 
Use of track diagrams with, 11. 
Where used, 6, 7, 11. 
Electro-paeumatic : 

Installation, date of first, 6, 6. 
Installed at, first, 6. * 
Plants installed, number of, 6. 
Hydro-pneumatic : 
Installation at, first, 5. 
Invention of, date of, 5. 
Plants installed, number of, 5, 
6. 
Mechanical: 
Class of maintainers for, 8. 
Comparison of safety of, 0, 10. 
First experimental installation 

in U. S. A., date of, 5. 
Installation in U.'S. A., by, 

first, 5. 
Installation in U. S. A., loca- 
tion of first, 5. 
Installation of, first important, 

6. 
Inventors of, 6. 
Latch locking, first use of, 6. 
limitations of, 5. 
Origin of, 6. 

Pat«its, first granted, 5. 
Interlocking machine, electric: 
Accessories for, 58, 50. 
Arrangements of beds for, 100, 

101. 
Cabinets, length of, 100, 101. 
Circuit breakers for, individual, 

03-06. 
Circuits for, 88. 
Control of, 47-53. 
Description of, 47-50. 
Dimensions of, 186-101. 
Dog chart for, 55. 
Energy data for indication mag- 
nets, 104. 
Energy data for lever locks, 106. 
Features of, 47-40. 
Frame for, 53. 

Illustrations of, 18, 43, 48, 40, 52. 
Indication magnets, operating 

data for, 104. 
Indication selector for, 58. 
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Interioeldng 

Interlookmg machine, electric: — 

{Can,) 
Installation data for, 185-196. 
Lamp cases and number plates 

for, 67. 
Lees, number required and spac- 
ing, 190, 191. 
Length of, 190, 191. 
Lever, description of, 66, 67. 
Lever, illustration of, 61, 66. 
Lever lock for, 68, 196. 
Lever, operation of, 41^63. 
Looking for, 63-66. 
Looking plates and locking, 63, 

66. 
Maintenance of, 188, 189. 
Mechanical time release for, 68, 

69. 
Notching, for lever locks, 192-194. 
Number of legs required for, 190, 

191. 
Number plates for, 57 
Operation of signal lever, 60, 63. 
Operation of switch lever, 49, 60. 
Polarized relay for, 57, 68, 92, 93. 
Resistance of indication magnets 

for, 194. 
Safeguards of, 47-49. 
Safety features of, 47-49. 
Shipment of, 186. 
Spacing of legs for, 190, 191. 
Storing of, 186. 
Terminal boards for, 67. 
Testing of, 94, 96, 188, 194. 
Time release for, 68, 69. 
Unit- lever type, description of, 

63-68. 
Uses of, 18, 19. 
Weights of, 363, 364. 
Wiring of, typical, 88. 
Interlocking stations: 

Arrangement of apparatus in, 33. 
Construction data, 35. 
Description of, 31-36. 
Diagrams of, 32, 34, 36. 
Illustrations of, 31, 33, 36. 
Sizes of, 31, 33. 
Symbob for, 362. 



Joints in wire, 298-304. 
Junction boxes: 

Illustrations of, 316. 

Nails required for, 317. 

Symbola for, 361. 

WagbtB of, 367. 
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Lamps, incandescent (see also 
lighting). 
Ampere hours per signal, 166, 156. 
Arrangement for signal lighting, 

128. 
Power required for, 127. 
Symbols for, 369. 
TVpes used in signal lighting, 127. 
Layouts: 

Detector bar, weights of, 366. 
Impedance bond, 120, 121. 
Switch, 218-225 (see also switch 
layouts). 
Lead type storage batteries (see 

batteries, secondary). 
Levers: 
Cross connection wiring for 

double switch, 228. 
Double switch, wiring of, 228. 
Notches for lever locks, 192-194. 
Signal: 
Description of, 60, 53, 66, 67. 
Operation of, 60, 63. 
Switch: 

Cross connection wiring for 

double, 228. 
Description of, 49, 60, 56, 57. 
Illustrations of, 51, 56. 
Operation of, 49, 60. 
Wiring of double lever, 228. 
Lever locks (see locks). 
Lighting, electric signal: 
Ampere hours required for, 155, 

156. 
Bulbs for, 127, 128. 
Capacity of battery for, 155, 166. 
Economy effected, 127. 
Formula for, 156, 157. 
Lamps, incandescent, 127, 128. 
Power required for, 127, 155, 

166. 
Precautions, 129. 
Recommendations for, 130. 
Reserve power for, 128, 129. 
Source of power for, 128, 129. 
When economical to use, 127. 
Lighting panels (see panels). 
Lightning arrester, 371. 
Limitation of mechanical inter- 
locking, 6. 
Linear measure, 388. 
Liquids: 

Speci&c i!:rawvv\i"^ o\,^RSi 
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Ijoeldns 

Looking, electric (see electric lock- 
ups). 
Looking plates and looking, 53- 

56. 
Locking sheet, 54. 
Locks, lever: 

Application to lever, 192-194. 

Cutting of notches for, 192-194. 

Description of, 58. 

Dimensions of, 195. 

Energy data for, 195. 

Illustration of, 195. 

Installation data for, 192-195. 

Notching of levers for, 192-194. 

Specifications for, 192-194. 

Ssrmbols for, 354. 

Test for clearance of, 193, 194. 



Machines: 

Interlocking (see interlocking ma- 
chine). 
Signal (see signal mechanism). 
Switch (see switch mechanism). 
Magnets, indication (see indication 

magnets). 
Main common or common return 
wire, 19, 22, 60, 70, 83, 93, 
309. 
Maintenance (see under name of ap- 
paratus). 
Maintenance tools, 369, 370. 
Manipulation charts, 102, 103. 
Map of shipping distances between 
cities of U. S. and Canada, 
368. 
Masts, R. S. A. signal: 

Bracket, dimensions of, 243. 
Bridge, dimensions of, 243. 
Foundations for, 251, 252. 
Ground, dimensions of, 243. 
Measures and weights: 

French equivalents of, 390, 391. 
Metric, 390, 391. 
Tables of, 388, 389. 
Measuring box for concrete, 323. 
Mechanical interlocking (cee inter- 
locking, mechanical). 
Mechanical time release, 58, 59. 
Mechanism: 
Siffia! (aee signal meohaoism) . 
Switch (aee Bwitch mechanism) . 
Mentuy arc recHBen: 
Input for, 169. 
Voltage requirementa of, 169. 



Motor 

Metals: 

Fluxes for soldering and welding, 

299. 
Specific gravities of, 387. 
Weights of, 387. 
Metric measure system, 390, 391. 
Model 2A signal (see signal mech- 
anism). 
Model 2 dwarf signal (see signal 

mechanisms). 
Model 3 dwarf signal (see signal 

mechanisms). 
Model 2 switch macJiine (see switch 

mechanisms). 
Model 4 switch machine (see switch 

mechanisms). 
Motion plates, 229. 
Motors: 

Speed of, 168. 
Starting panels for, 181. 
Switch: 
Connection diagrams for, 201, 

209. 
Cycle of movements of, 212, 

213. 
Maintenance of, 206, 211. 
Symbols for, 359. 
Voltage for, operating, 159, 
162. 
Motor generators: 

Employing A. C. motor: 
Floor space required, 159. 
Illustration of, 42. 
Input, 159. 
Symbols for, 359. 
Employing D. C. motor: 
Capacity of, 168. 
Description of, 39, 40. 
Dimensions of, 168. 
Failure to build up, 166. 
Fitting brushes to, 165. 
Floor space required for, 159, 

168. 
General instructions for, 164, 

165. 
Illustrations of, 40, 43. 
Input, 159. 

Installation data for, 162-168. 
Maintenance of, 163-166. 
Setting up, 162. 
Shutting down, 164. 

Sym\>o\a iox , ^^k'i . 
MoU>T ataxtamt p«a»^a. "^^^^ 
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N 

Nails: 

Amount required for junction 

boxes, 317. 
Amount required for trunking, 

317. 
Sizes of, 382. 
Weights of. 382. 
Number plates, interlocking ma- 
chines, 57. 



O 



Oiling diagrams: 

Dwarf bearing, Model 2A signal, 

240. 
Mechanism, Model 2A signal, 238. 

Operating data (see under name of 
apparatus). 

Operating mechanisms (see under 
name of mechanism) . 

Operating switchboards (see switch- 
board). 



Paint: 

Amotmt required for trunking, 

374. 
Application of, 374. 
Specifications, R. S. A. for, 374. 
Panels: 
Lighting: 

Dimensions of, 182. 
Switches for, 182. 
Weights of, 363. 
Motor-starting, 181. 
Pilot cell, 151 (see batteries, sec- 
ondary). 
Hpe, wrought iron, dimensions of, 

381. 
Piping for gasoline engine: 
Cooling tank, 170, 175. 
Gasoline tank, 171, 175. 
Running water, 170. 
Plan, track, 54. 
Plants, power, G. R. S. (see power 

plants). 
Plates, motion, 229. 
Polarized relays: 

Description of, 57, 58, 92, 93. 
Functions of, 25, 92. 

Illustrations of, 58, 92, 186, 189. 
Pole changer: 

Model 2 switch machine: 

Adjustment of, 202-205. 

ConaeoUoDB for, 202, 203 



B* S« A. Specifications 

Pole changer: — (Con.) 
Model 2 switch machine: 
Illustration of, 64. 
Installation data for, 202-205. 
Maintenance of, 206. 
Movement for, 202. 
Operation of, 63, 64. 
Testing of, 204, 205. 
Wiring for, 203. 
Model 4 switch machine: 
Description of, 68. 
Illustration of, 68. 
Maintenance of, 211. 
Operation of, 68. 
Wiring for, 210. 
Polyphase relays (see relays A. C). 
Posts, bracket: 
Foimdation for, 251. 
Masts for, 243. 
Weights of, 365. 
Power interlocking (see interlock- 
ing). 
Power plants: 
Batteries for, 38, 39 (see also bat- 
teries). 
Charging apparatus for, 39, 40 
(see also charging apparatus) . 
Composition of, 37. 
Description of, 37-40. 
Illustrations of, 42, 43. 
Location of, 37. 

Switchboards for, 40-46 (see also 
switchboards). 
Power switchboards (see switch- 
boards). 
Primary batteries, 285-294 (see 

also batteries, primary). 
Protection, cross (see cross protec- 
tion). 
Pulleys, 372. 



Racks, battery, illustrations of, 37, 

145. 
Rail clips, E. Z. motion plate type, 

229. 
Rail sections, dimensions of, 375. 
R. S. A. specifications for: 
Caustic soda primary cell, 287, 

288. 
Concrete, 325-328. 
Copper for gravity cell, 291. 
Electric generator, 166, 167. 
Electric interlocking, extracts 
from: • 
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B« 8. A. Speelflcatloiu 

R. S. A. Specifioations for: — (Con,) 
Electrio interiooking, extracts 
from: 
Tninking, junctkm boxes and 

supports, 312, 813. 
Wire and wirins, 297-299. 
Qaaoline ensine, 174, 175. 
Lead type storage battery, 147- 

154. 
Portland oement oonoret^, 325- 

328. 
Principles of signal indications, 

343. 
Signaling practice, 343-347. 
Symbols, 348-359. 
Voltage ranges, 282. 
Zinc for gravity cell, 290. 
R. S. A. standard apparatus: 
Battery chutes, 292. 
Battery jar, sand tray and eover, 

146. 
Blades for upper quadrant signals, 

249. 
Bracket poet masts, 243. 
Bridge signal masts, 243. 
Caustic soda primary cell, 286. 
Coppers for gravity battery, 291. 
Foundation for bracket post, 251. 
Foundation for ground signal 

mast, 252. 
Ground signal masts, 243. 
Spectacle, Design **A." 248,250. 
Spectacle, Design **B," 248. 
Zinc for gravity battery, 290. 
R. S. A. symbols: 
Charging apparatus, 359. 
Circuit controllers, 356-358. 
Circuit plans, 354-359. 
Instruments, 357-359. 
Location. 350-353. 
Relays, indicators and locks, 354, 

355. 
Signals, 348, 349. 
Switches, derails, etc., 352, 353. 
Track plans, 348-353. 
Reactance bonds (see impedance 

bonds). 
Relays: 

Alternating current: 
Boxes for, 274, 275. 
Description of, 109-113. 
Dimensions of, 270, 272. 
Energy data for, 271, 273, 274 
Illustrations of, 110, 112. 
Selection of, 109,110. 
TypeeTof, 110-112. 
Weigbta of, 366. 



Relays 

Relasrs : — (Con.) 
Boxes for: 

Dimensions of, 274, 275. 

Weights of, 367. 
Dimensions of, 266-272. 
Direct Current: 

Boxes for, 275. 

Dimensions of, 266, 268. 

Energy data for, 265, 267. 

Illustrations of, 100, 101. 

Resistance of, 265, 267. 

Testing of, 276. 

Weights of, 366. 
Energy data for, 265-274. 
Indicating: 

Dimensions of, 270. 

Energy data for, 271. 

Weights of, 366. 
Model 1,D. C: 

Boxes for, 275. 

Energy data for, 265. 

Resistance of. 265. 

Test for pick-up and drop 
away, 276. 

Test for resistance of contactc 
276. 

Weights of, 366. 
Model 2, Form A, Polyphase: 

Boxes for, 274. 

Description of, 110, 111. 

Dimensions of, 272. 

Energy data for, 271-274. 

Illustration of, 110. 

Test for resistance of contacts 
276. 

Weights of, 366. 
Model 2, Form B, A. C: 

Boxes for, 275. 

Description of. 111. 

Dimensions of, 270. 

Energy data for, 271. 

Illustration of, 112. 

Test for resistance of contacts 
276. 

Wei^ts of, 366. 
Model 3, Form B, A. C: 

Boxes for, 275. 

Description of. 111, 112. 

Dimensions of, 270. 

Illustration of, 112. 

Test for resistance of contacts 
276. 

Weights of, 366. 
Model 9, D. C: 

Boxes for, 275. 

DimenomotA ol, Tft^. 

Eneicy da\«k ioT « *iSSl . 
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Relays 

Relays: — {Con.) 
Model 9, D. C: 

Illustrations of, 101. 
Resistanoe of. 267. 
Test for pick-up and drop- 
away, 276. 
Test for resistance of ocmtacts, 

276. 
Weights of, 366. 
Model Z, Form B. A. C: 
Boxes for, 275. 
Description of, 112. 
Dimensions of, 270. 
Energy data for, 271. 
Illustration of, 112. 
Test for resistance of contacts, 

276. 
Weights of, 366. 
Motor, Three Position, D. C. : 
Boxes for, 275. 
Description of, 98, 100, 101. 
Dimensions of, 268. 
Energy data for, 267, 268. 
Illustration of, 100. 
Test for resistance of contacts, 

276. 
Weights of, 366. 
Polarised (see polarised relay) . 
Symbols for, 354, 355. 
Testing: 

Pick-up and drop-away of, 276. 
Resistance of contacts for, 276. 
Three Position D. C. Motor (see 
Relay, Motor) : 
Relay boxes: 

Dimensions of, 274, 275. 
Symbols for, 351. 
Weights of, 367. 
Release, time (see time release). 
Route locking, 135, 136 (see also 
electric locking). 
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Safeguards: 

Cross protection Byntem, 24-26, 

93. 
Dynamic indication, 24. 
Q. R. S. system, 24-26. 
Interlocking machine, 47-49. 
Switch operating mechanisms, 

61-63. 
Tests for cross protection, 94, 96. 
Safety of G. R. S. electric interlock- 
ing: 
CompariaoD with mechanical, 8. 
Cross protection, 89. 
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Signals 

Safety of Q. R. S. electric interlock- 
ing: — (Con.) 
Dynamic indication, 24. 
Features important to, 15. 
Test o'. 94, 96. 
Sand: 

Concrete, 325. 
Measuring box for, 323. 
Quantities of, for concrete, 324. 
Specific gravities of, 386. 
Weights of, 386. 
Screw release (see time release). 
Secondary batteries (see batteries, 

secondary). 
Sectionalising of Q. R. S. plants, 93, 

94. 
Sectional route locking, 135, 136 

(see also electric locking). 
Section locking, 134, 135 (see also 

electric locking). 
Selector, indication, 58. 
Semaphore spectacles (see specta- 
cles). 
Shipping distances between cities of 
U. S. and Canada, map of, 
368. 
Shipping weights, 363-367 (see also 

weights). 
Signaling practice: 

American, trend of, 11. 
Definitions of, 343-347. 
Principles of signal indications, 

343. 
R. S. A. recommendations for, 
343. 
Signals: 

Automatic block: 

Basis of adoption in America, 

9. 
Percentage of American Rail- 
ways signaled, 9. 
Type first used, 9. 
Blades for upper quadrant, 249. 
Bracket masts for, 243. 
Bridge masts for, 243. 
Control wire for, 22, 70, 83, 308. 
Dwarf (see signal mechanisms). 
Electric lighting for, 127-130. 
Foundations for, 251-253. 
Qround masts for, 243. 
Illustrations of dwarf, 16, 74, 75, 

88,86. 
niustratioos of hij^ 17, 22, 25, 
81. 
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Signals 

Bignalu : — (Con.) 
Mechanisms (see aicnal mechan- 

isms). 
Spectacles for, 248. 
Symbols for, 348. 349. 
Weights of, 366, 366. 
Signal blades, 249. 
Signal lighting, 127-130 (see also 

lighting). 
Signal mechanisms: 

Circuits for (see circuits, signal). 
Ck>ntrol wire for, 22, 70, 83, 308. 
Dwarf, solenoid (see solenoid 

dwarf signals). 
Dsrnamic indication for (see dyna- 
mic indication). 
Foundations for, 251-253. 
Installation data: 

Adjustments, 237, 239. 241. 

Dimensions, 242, 245-247. 

Foimdations for, 251-253. 

Lubrication of, 239. 

Masts for, 243. 

Method oif taping wires to, 244. 

Storing of, 237. 

Spectacle adjustment for, 239. 

Tests of. 240. 
Maintenance of: 

Adjustments, 237. 241. 

Lubrication, 239, 241. 

Oiling diagrams, for, 238, 240. 

Spectacle adjustments for, 239. 

Teste for, 240. 
Maste for. 243 
Model 2 A non-automatic: 

Adjustment of, 237, 241. 

Circuite for, 23, 71, 254, 255. 

Clamp bearing for, 79. 

Control of, 70-72. 

Control wire for, 22, 70, 308. 

Description of, 22-24, 77-79. 

Description of circuits for, 
22-24. 

Dynamic indication, advan- 
tages of, 24. 

Dwarf bearing for. 79. 

Gears, clearance of, 78. 

Illustration of, 76. 

Installation of, 237. 

Length of control wire for, 308. 

Lever operation for, 60, 63. 

Lubrication of. 239. 

Maintenance of, 241. 

Method of taping jwires to, 244. 

Names of parte for. 76. 
OiliDg diagrama for, 238, 240. 
Operating data for, 241. 



SlgnaU 

Signal Mechanisms : — (Con.) 
Model 2A, non-automatic : 
Amplified circuits for, 23. 
Sise of control wire for, 308. 
Spectacle adjustment for, 239. 
Storing of, 237. 
Teste for, 240. 
Typical circuite for, 71, 254, 

255. 
Weighte of, 366. 
Model 2A, semi-automatic: 
Adjustment of, 237, 241. 
Circuite for, 73. 266-259. 
Clamp bearing for, 79. 
Control of, 72-75. 
Control wire for, 22, 83, 308. 
Description of, 81, 82. 
Dimensions of, 242. 
Dwarf bearing for, 79 
Dynamic indication advantages 

of, 24. 
Gears, clearance of, 78. 
Illustrations of, 80, 81. 
Indication spring attachment, 

82. 
Installation of, 237. 
Length of control wire for, 

308. 
Lever operation for, 50-53. 
Lubrication of, 239. 
Maintenance of, 241. 
Method of taping wires to, 

244. 
Names of parte for, 80. 
Oiling diagram lor, 238. 
Operating data for, 241. 
Size of control wire for, 308. 
Spectacle adjustment for, 239. 
Spring attachment, indication, 

82. 
Storing of, 237. 
Teste for, 240. 
Typical circuite for, 73, 256- 

259 
Weighte of, 386. 
Model 3, operating data for, 241. 
Model 7. operating data for, 241. 
Motor driven (see Model 2 A sig- 
nals). 
Operating and indicating circuite, 

description of, 22-26, 70-75. 
Solenoid dwarf (see solenoid 

dwarf). 
Symbols for, 348, 349. 
Typical circuite for (see circuite). 
Types ol. 70. 
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Single BaU 

Siocle rail A. C. track oirouits, 114- 
119 (see alao track circuit 
A.C.). 
Soleaoid dwarf sicnaUi: 
Model 2: 
Circuits for, 84, 260, 261. 
Control of, 88, 84. 
Control wires for, 83, 306. 
Deeoription of, 83-85. 
Dimensions of, 246, 247. 
Foundations for, 253. 
niustration of, 83. 
Length of control wires for, 

308. 
Names of parts for, 85. 
Operatinc data for, 241. 
Operating mechanism for, 85. 
Sise of control wires for, 308. 
Weights of, 366. 
Model 3: 

Circuits for, 84, 262. 
Control of, 83, 84. 
Control wire for, 83, 308. 
Description of, 86, 87. 
Dimensions of, 247. 
Foundation for, 253. 
Illustration of, 86. 
Length of control wires for, 

308. 
Names of parts for, 87. 
Operating data for, 241. 
Operating mechanism for, 87. 
Sise of control wire for, 308. 
Weights of, 366. 
Soldering: 

Fluxes for, 299. 
Wire joints, 298, 303. 
Specific gravity of: 
Brick, etc., 386. 
Cement, etc., 386. 
Comparison with Baume's Hy- 
drometer, 384. 
Electrolyte, 146. 
Liquids, 385. 
Metals, 387. 
Sand, etc., 386. 
Stone, etc., 386. 
Wood, 385. 
Specifications (see under name of 

material). 
Spectacles: 

Blades for, 249. 
Clamp beaiing for, 79. 
Dimensions of, 248. 
Dwarf bearings for, 79. 
Torque curvee fott 250, 
Square meaaure, table of, 388. 



Switch 

Stakes: 
Specifications for, 312, 313. 
Weights of, 367. 
Stations, interlocking, 31^5 (see 

also interlocking station). 
Stick locking, 137 (see also electric 

locking). 
Stone: 
Concrete, sise for, 325. 
Measuring box for, 323. 
Quimtities for concrete, 324. 
Sises for concrete, 325. 
Specific gravity of, 386. 
Weights of, 386. 
Storage batteries (see batteries, 

secondary). 
Switches: 

Battery charging, description and 

circuits, 160, 161. 
Nomenclature of, 336. 
Panels for (see panels) . 
Symbols for, 357, 358. 
Switchboards: 
Operating: 

Cross protection circuit breaker 

for, 90-^92. 
Description of, 45, 46. 
Dimensions of, 181. 
Illustrations of, 43, 44. 
Lighting panels for, 182. 
Location of, 37. 
Polarized relay for, 92, 93. 
Simplified circuits for, 45. 
Weights of, 363. 
Wiring for, 181. 
Power: 

Description of, 40-45. 
Dimensions of, 176-180. 
Illustrations of, 41-43. 
Location of, 37. 
Lighting panels for, 182. 
Manipulation of, 176-180. 
Simplified circuits for, 43. 
Starting panels' for, 181. 
Weights of, 363. 
Wirings for, 176-180. 
Switch boxes (see switch circuit con- 
trollers). 
Switch circuit controllers: 

Connections to switch point for, 232. 
Model 3, Form D: 
Dimensions of, 230. 
Illustrations of, 97. 
Weights of, 366. 
Model 4'. 

'DoBCTvpWou o\.^ ^^. 
llbiaEtcai^Kona qH , ^^ . 
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Switch 

Switch drouit oontroUen: — (Coii.) 
Model 5, Fonn A: 

Adjustable cam for, 231. 

Cam for, 231. 

Deeoription of, 08. 

IXmenmons of, 231. 

niuBtratioiis of, 98, 00. 

Weii^tfl of, 306. 
Symbols for, 357. 
Weli^ta of, 366. 
Switch layouts: 
Model 2 switch machine: 

Double slip switch, 223. 

Hayes derail, 220. 

Movable point frog, 224. 

Movable point frog with double 
slip switch, 225. 

Sin^ slip switch, 222. 

Single switch, 218. 

Slip switches. 222, 223. 

SpUt point derail, 219. 

Weights of, 364, 365. 

Wharton or Morden derail, 221. 
Model 4 switch machine: 

Double slip switch, 223. 

Hayes derail, 220. 

Movable point frog, 224. 

Movable point frog with double 
slip switch, 225. 

Single slip switch, 222. 

Single switch, 218. 

Slip switches 222, 223. 

Split point derail, 219. 

Weights of, 364. 365. 

Wharton or Morden derail, 221. 
Switch machine: 
Model 2: 

Adjustment of. 201-204. 

Advantages of dsmamio indica- 
tion of, 24. 

arcuits for. 20, 61, 226, 228. 

Clearance compared with Model 
4 switch machine, 214. 

Control of. 60. 

Control wire for, 19, 60, 308. 

Cross protection for, 24-26. 

Cycle of movements of, 212. 

Description of, 64-67. 

Description of circuits for, 
19-22. 

Dimensions of, 216. 

Double levOT for, wiring of, 228. 

Drilling of lock rod for, 205. 

Dynamic indication for, 21, 24, 
60,67. 

Energy data for, 214, 
Wuatrationa of, 21, 62, 63. 



Swllcli 

Switch madiine:' — (Con,) 
Model 2: 

Indication selector for, 58. 

Installation data for, 100-206. 

Layouts for, 21^225. 

Length of ocmtrol wire for, 308. 

LevOT, illustrations of, 51, 56. 

Lever, operation of, 49, 60. 

Maintooanoe of, 199-206. 

Motor connections of, 201. 

Names of parts for, 65, 200. 

Operating data for, 214. 

Operation of, 60-67. 

Operation of controlling lever 
for, 49-50. 

Pole changer for, 64. 

P<de changer movement for, 
202. 

Pole changer wiring for, 203. 

Safeguards of, 61-63. 

Simplified circuit for, 20. 

Sise of control wire for, 308. 

Spring attachment for, 63. 

Storing of, 199. 

Switch circuit controllers for 
(see switch circuit control- 
lers). 

Testing of, 204, 205. 

Tie framing for, 199. 

Time of operation of, 22, 214. 

Tools for maintenance of, 369, 
370. 

Typical cuwuits for, 20, 61, 226, 
228. 

Weights of, 365. 
Model 4. 

Adjustment of. 209, 210. 

Advantages of dynamic indica- 
tion of, 24. 

arcuits for, 20, 61, 227, 228. 

Clearance between third rail 
and, 215. 

Clearance compared with Model 
2 switch machine, 214. 

Control of, 60. 

Control wire for, 19, 60, 308. 

Cross protection for, 24-26. 

Cycle of movements of, 213. 

Description of, 67-69. 

Description of circuits for, 
19-22. 

Dimensions of, 217. 

Double lever for, wiring of. 228. 

Dsmamio indication for, 21, 24, 
60. 

Eneicy data lot, 7\\. 

lUuBtra^onB ol, \ft» \%, «l . 



